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. 1 - plastic box 


. 1 - mains transformers 15V 1A secondary 
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£1 BAKERS DOZEN PACKS 
Price per pack is £1.00.* Order 12 you 
may choose another free. Items 
marked (sh) are not new but 
guaranteed ok. 


5 - 13 amp ring main junction boxes 

5 - 13 amp ring main spur boxes. 

5 - surface mounting 

3 - electrical switches intermediate type, will also replace 1 or 2 
way switches, white flush mounting 

4 - in flex line switches with neons 

2 - mains transformers with 6V 1A secondaries 

2 - mains transformers with 12V +A secondaries 

1 - extension speaker cabinet for 63” speaker 

12 - glass reed switches 

2 - ultra transmitters and 2 receivers with circuit 

2 - light dependent resistors 

4 - wafer switches - 6p 2 way, 4p 3 way, 2p 6 way, 2p 5 way, Ip 
12 way small one hold fixing and good length 4 spindle your choice 
1 - 6 digit counter mains voltage 

2 - Nicad battery chargers 

1 - key switch with key 

2 - aerosol cans of ICI Dry Lubricant 

96 - 1 metre lengths colour-coded connecting wire 

1- long and medium wave tuner kit 

8 - rocker switch 10 amp mains SPST 

1 - 24 hour time switch mains operated 

10 - neon valves - make good night lights 

2 - 12V DC or 24V AC, 3 CO relays 

1 - 12V 2 CO miniature relay very sensitive 

1 - 12V 4 CO miniature relay 

2 - mains operated tp 3 x 8 amp changeover (s.h.) 

10 - rows of 32 gold plated IC sockets (total 320 sockets) 
1 - locking mechanism with 2 keys 

1 - miniature uniselector with circuit for electric jigsaw puzzle 
5 - ferrite rods 4” x 5/16” diameter aerials 

4 - ferrite slab aerials with L & M wave coils 

1 - Mullard thyristor trigger module 

1 - magnetic brake - stops rotation instantly 

1 - low pressure 3 level switch can be mouth operated 

2 - 25 watt pots 8 ohm 

2 - 25 watt pots 1000 ohm 

4 - wire wound pots - 18, 33, 50 and 100 ohm your choice 
1 - time reminder adjustable 1-60 mins clockwork 

1 - mains shaded pole motor 3” stack - 3 shaft 

1 - mains motor with gear box 1 rev per 24 hours 

2 - mains motors with gear box 16 rpm 

1 - thermostat for fridge 

1 - motorised stud switch (s.h.) 


. 1-23 hours delay switch 

. 1 - mains P.S.U. 9V DC 

. 1 - mains power supply unit - 6V DC 

. 1 - mains power supply unit - 44 DC 

. 1 - 5” speaker size radio cabinet with handle 
. 2 - musical boxes (less keys) 

. | - heating pad 200 watts mains 

. 1 - 1W amplifier Mullard 1172 

. 1 - wall mounting thermostat 24V 

. | - teak effect extension 5” — cabinet 

. 2-p.c. boards with 2 amp fu 

. 4 - push push switches for table lamps etc. 

. 10 - mtrs twin screened flex white p.v.c. outer 

. 25 - clear plastic lenses 12 diameter 

. 4- pilot bulb lamp metal clip on type 

. 10 - very fine drills for pcbs etc. 

. 4 - extra thin screw drivers for instruments 

. 2 - plastic boxes with windows, ideal for interrupted beam switch 
. 10 - model aircraft motor - require no on/off switch, just spin to 


| wave and 17 other recs 


Start 


; - car radio speakers 5” round 4 ohm made for Radiomobile 
.10- 
. 2 - 4 reed relay kits 3V coil normally open or c/o if magnets added 
. 20 - pilot bulbs 6.5V.3A Philips 

. 1 - 12V drip proof relay - ideal for car jobs 

. 3 - varicap push button tuners with knobs 

. 4 - short wave air spaced trimmers 2-30f 

. 1 - shockin 
.10-12V6 
. 3 - oblong amber indicators with lilliputs 12V 
. 6 - round amber indicators with neons 240V 
. 100 - p.v.c. grommets 2 hole size 

. 1 - short wave tuning condenser 50 pf with {” spindle 
. | - three gang tuning condenser each section 50 


a 


4 ohm 10 watt speaker and 3” tweeter 
4 BA spanners 1 end open, other end closed 


coi kit with data - have fun with this 
bulbs Philips m.e.s. 


1" 


0 pf with trimmers 
and good length 4” spindle 
sloping metal front, 16 x 95mm average depth 


mm 
.6-5 ol 3 pin flush sockets brown 

.5-BC. la 

. 1 - in flex simmerstat for electric blanket soldering iron etc. 
. 2 - thermostats, = setting — adjustable range for ovens etc. 

. 1 - mains operate 

. 1 - 10 digit switch pad for telephones etc. 

. 8 - computer keyboard switches with knobs, pcb or vero mounting 
. 20 - mtres 80 ohm, standard type co-ax off white 

. 1 - electric clock mains driven, always right time - not cased 

. 1 - stereo pre-amp Mullard EP9001 , 

. 2 - 12V solenoids, small with plunger 

. 1 - mains transformer 9V 1 amp secondary C core construction 

. 1 - car door 
. 2 - speakers 
. 2 - speakers 6” x 4” 16 ohm 5 watt made for Radiomobile 

. 1 - mains motor with gear-box very small, toothed output 1 rpm 

. 4- standard size pots, 3 meg with dp switch 

. 1 - 13A switched socket on double plate with fused spur for water 


mpholders brown bakelite threaded entry 


solenoid with plunger 1” travel 


cay (very flat) 63” 15 ohm made for Radiomobile 
” x 4” 4 ohm 5 watt made for Radiomobile 


heater 


. 2 - mains transformers 9V 3A secondary split primary so ok also for 


115V 

ee mounting 
ten turns 3 watt pot 4 spindle 100 ohm 
car cigar lighter socket plugs 
15 amp round pin lugs brown bakelite 
mains solenoid wit ee, compact by 
ceramic magnets Mullard 1” x 3/8 x 5/16 
12 pole 3 way ceramic wave charge switch 
stereo amp 1 watt per channel 
tubular dynamic microphone with desk rest 
T.V. turret tuner (black & white T.V.) 
oven thermostats 
Clare Elliot sealed relay 12V 
pressure pad switch 24 x 18 (Trigger Mat) 
sub miniature micro switches 
12” 8 watt min fluorescent tube white 
6” 4 watt min fluorescent tube white 
round pin kettle plug with moulded on lead 


o 


























MULLARD UNILEX AMPLIFIERS 
We are probably the only firm in the country with these now in 
stock. Although only four watts per channel, these give superb 
reproduction. We now offer the 4 Mullard modules — i.e. Mains 
power unit (EP9002) Pre amp module (EP9001) and two arnplifier 
modules (EP9000) all for £6.00 plus £2 postage. For prices of 
modules bought separately see TWO POUNDERS 


CAR STARTER/CHARGER KIT 


Flat Battery! Don't worry you will start your car in a few minutes 
with this unit — 250 watt transformer 20 amp rectifiers, case and all 
parts with data £16.50 or without case £15.00 post paid. 


VENNER TIME SWITCH 


Mains operated with 20 amp switch, one 
on and one off per 24 hrs. repeats daily 
automatically correcting for the 
lengthening or shortening day An 
expensive time switch but you can have it 
for only £2.95 without case, metal case 
— £2.95, adaptor kit to convert this into 
anormal 24hr. time switch but with the 
added advantage of up to 12 on/offs per 

24hrs. This makes an ideal controller for 
Ex-Electricity Board. the immersion heater. Price of adaptor kit 
Guaranteed 12 months. is £2.30. 


SOUND TO LIGHT UNIT 

























Complete kit of parts of a three channel sound to light unit 
controlling over 2000 watts of lighting. Use this at home if you 
wish but it is plenty rugged enough for disco work. The unit is 
housed in an attractive two tone metal case and has controls for 
each channel, and a master on/off. The audio input and output are 
by 4” sockets and three panel mounting fuse holders provide 
thyristor protection. A four pin og oe socket facilitate ease of 
connecting lamps. Special price is £14.95 in kit form 


12 volt MOTOR BY SMITHS 


Made for use in cars, etc. these are very 
powerful and easily reversible. Size 

34” long by 3” dia. They have a good 
length of {” spindle — 

1/10 hp £3.45 

1/8 hp £5.75. 1/6 hp £7.50 


25A ELECTRICAL PROGRAMMER 


Learn in your sleep. Have radio playing and kettle 
boiling as you wake — switch on lights to ward 
off intruders — have a warm house to come home 
to. You can do all these and more. By a famous 
maker with 25 amp on/off switch. A beautiful 
unit at £2.50 





































THIS MONTH'S SNIP 


is a 13-5V DC power supply unit, plugs into a 13A socket and 
its output is OK to work 12V portable TVs, car radios etc, 

etc. Offered at £2 each, or 13 for £24 post paid. Our reference 
2P110. 






MAKING SUNBEDS? 
CHOKE AND STARTER for 6’ 100uva tube £2, post £1 for 1 or 50p 
each in quantity 

TUBE HOLDERS. Canopy type spring loaded, 4 pairs for £1, 100 
pairs £20, 1,000 pairs £150, post paid. 


TANGENTIAL HEATERS? 


We again have very good stocks of these quiet running instant heat 
units. They require only a simple case, or could easily be fitted into 
the bottom of a kitchen unit or book case etc. At present we have 
stocks of 1-2kw, 2kw, 2:5kw, and 3kw. Prices are £5 each for the 
first 3, and £6.95 for the 3k. Add post £1.50 per heater if not 
collecting. 

CONTROL SWITCH enabling full heat, half heat or cold blow, with 
connection diagram, 50p for 2kw, 75p for 3kw. ; 


FANS & BLOWERS 

Woods extractors 

5” £5 + £1.25 post. 6” £6 + £1.50 post 
4” x 4” Muffin equipment cooling fan 115V £2.00 

4” x 4” Muffin equipment cooling fan 230/240V £5.95 

5” Plannair extractor £5.50 

9” Extractor or blower 115V supplied with 230 to 115V adaptor 
£9.50 + £2 post. 

All above are ex computers but guaranteed 12 months. 

10” x 3” Tangential Blower. New. Very quiet — supplied with 230 to 
115V adaptor on use two in series to give long blow £2.00 + 
£1.50 post or £4.00 + £2.00 post for two. 


IONISER KIT 
Refresh your home, office, shop, work room, etc. witha 
negative ION generator. Makes you feel better and work 
harder — a complete mains operated kit, case included 

£11.95 plus £2.00 post. 











































































TELEPHONE BITS 


Master socket (has surge arrestor — ringing condenser etc) and 
takes B.T. plu 







EXtONGlION BOGKON. oii cai cscsswesyscwssscssnets eosaterscoagiaensass’ dsiewh ates £2.95 
Dual adaptors (2 from one Socket).................06600cccee sneer £3.95 
Cord terminating with B.T. plug 3 metres.......................0060. £2.95 


Kit for converting old entry terminal box to new B.T. master socket, 
complete with 4 core cable, cable clips and 2 BT extension 
SOCK GUS iiss cdscaure sentria cae tncs hia niaestosewssnaiatwaseeteonwaastamseassauns .£11.50 


MINI MONO AMP on p.c.b. size 4” x 2” (app.) 
Fitted volume control and a hole for a tone con- 
trol should you require it. The amplifier 
has three transistors and we estim- 
ate the output to be 3W rms. 

More technical data will be included 
with the amp. Brand new, 

perfect condition, offered at the very 
low price of £1.15 each, or 13 for £12.00 


J & N BULL ELECTRICAL 
Dept. E.E., 128 PORTLAND ROAD, HOVE, 
BRIGHTON, SUSSEX BN3 5QL 


MAIL ORDER TERMS: Cash, P.O. or cheque with order Orders 
under £20 add £1 service charge. Monthly account orders accepted 
from schools and public companies. Access & B/card orders 
accepted. Brighton 0273 734648. Bulk orders: write for quote. 










































OVER 400 GIFTS 
YOU CAN CHOOSE FROM 


There is a total of over 400 packs in our Baker's dozen range and you 
become entitled to a free gift with each dozen pounds you spend on these 
packs. A classified list of these packs and our latest ‘‘News Letter’ will 
be enclosed with your goods, and you will automatically receive our next 
news letters. 


TWO POUNDERS* 











































2P2 -Wall mounting thermostat, high precision with mercury switch and 
thermometer 

2P3 -Variable and reversible 8-12v psu for model control 

2P4 -24 volt psu with separate channels for stereo made for Mullard UNILEX 

2P6 -100W mains to 115V auto-transformer with voltage tappings 

2P8 Mains motor with gear box and variable speed selector Series wound so 

965 suitable for further speed control 


-Time and set switch. Boxed, a fronted and with knobs. Controls up to 
15 amps. Ideal to program electric heaters 

2P10 -12 volt 5 amp mains transformer - low volt winding on separate bobbin 
and easy to remove to convert to lower voltages for higher currents 

2P12 -Disk or Tape precision motor - has balanced rotor and is reversible 230v 
mains operated 1500 rpm 

2P14 —Mug Stop kit - when thrown emits piercing squawk 

2P15 -Interrupted Beam kit for burglar alarms, counters, etc. 

2P17 gf My pr minute mains driven motor with gear box, ideal to operate mirror 

a 

2P18 -Liquid/gas shut off valve mains solenoid operated 

2P19 -Disco switch-motor drives 6 or more 10 amp change over micro switches 
supplied ready for mains operation 

2P20 -20 Mh extension lead, 2 core - ideal most Black and Decker garden 
tools etc. 

2P21 -10 watt amplifier, Mullard module reference 1173 

2P22 -Motor driven switch 20 secs on or off after push e 

2P26 -Counter resettable mains operated 3 digit 

2P27 -Goodmans Speaker 6 inch round 8ohm 12 watt 

2P28 -Drill Pump - always useful couples to any make portable drill 

2P31 -4 metres 98 way interconnecting wire easy to strip 

2P32 -Hot Wire amp meter - 44 round surface mounting 0-10A - old but 
working and definitely a bit of history 

2P34 -Solenoid Air Valve mains operated 

2P35 -Battery charger kit comprising mains transformer, full wave rectifier and 
meter, suitable for charging 6v or 12v 

2P38 -200 R.P.M. Geared Mains Motor 1” stack quite powerful, definitely large 
enough to drive a rotating aerial or a tumbler for polishing stones etc. 

2P43 -Small type blower or extractor fan, motor inset so very compact, 230V 

2P46 -Our famous drill control kit complete and with prepared case. 

2P49 -Fire Alarm break glass switch in heavy cast case 

2P51 -Stereo Headphone amplifier, with pea 

2P55 -Mains motor, extra powerful has : stack and good length of spindle 

2P62 -1 ie Goodmans 15 ohm speakers for Unilox 

2P64 -1 five bladed fan 63” with mains motor 

2P66 -1 2Kw tangential heater 115v easily convertible for 230V 

2P67 -1 12v-0-12v 2 amp mains transformer 

2P68 -1 15v-0-15v 2 amp mains transformer 

2P69 -1 250v-0-250v 60 mA & 86.3v 5A mains transformer + 50p post 

2P70 -1 E.M.|. tape motor two speed and reversible 

2P72 -1 115v Muffin fan 4” x 4” sb (s.h.) 

2P75 -1 2 hour timer, plugs into 13A socket 

2P82 -9v-0-9v 2 amp mains transformer 

2P84 -Modem board with press keys for telephone redialler 

2P85 -20v-0-20v 4A Mains transformer 

2P88 -Sangamo 24 hr time switch 20 amp (s.h.) 

2P89 -120 min. time switch with knob 

2P90 -90 min. time switch with edgewise engraved controller 

2P94 -Telephone handset for EE home telephone circuit 

2P95 -13A socket on satin chrome plate 

2P97 -mains transformer 24V 2A upright mounting 

2P98 -20m 4 core telephone cable, white outer 

2P99 -500 hardened pin type staples for telephone cable 

2P101 - 15V mains transformer 4A upright mounting 

2P105 - capillary type thermostat for air temperature with c/o switch 

2P107 -membrane keyboard, telephone type 

2P108 - mains motor with gear box giving 110rpm 

2P109 -5” wide black adhesive pvc tape 33m, add £1 post if not collecting 


£5 POUNDERS* 


5P1. 12 volt submersible pump complete with a tap which when 
brought over the basin switches on the pump and when 
pushed back switches off, an ideal caravan unit. 

Sound to light kit complete in case suitable for up to 750 
watts. 

Silent sentinel ultra sonic transmitter and receive kit, 
complete. 

250 watt isolating transformer to make your service bench 
safe, has voltage adj. taps, also as it has a 115V tapping it 
can be used to safely operate American or other 115V 
equipment which is often only insulated to 115V. Please add 
£3 postage if you can’t collect as this is a heavy item. 

12V alarm bell with heavy 6” gong, suitable for outside if 
protected from direct rainfall. Ex GPO but in perfect order and 
guaranteed. 

Equipment cooling fan — minin snail type mains operated. 
Ping pong ball blower — or for any job that requires a powerful 
stream of air — ex computer. Collect or add £2 post. 


5P15 -Uniselector 5 pole, 25 way 50 volt coil 

5P18 -motor driven water pump as fitted to many washing machines 

5P20 -2 kits, matchbox size, surveilance transmitter and FM receiver 

5P23 -miniature (appr. 23” wide) tangential blow heater, 1-2kw 

5P24 -ihp motor, ex computer, 230V, mains operation 1450rpm. If not collect 
add £3 post 

5P25 -special effects lighting switch. Up to 6 channels of lamps can be on or off 
for varying time periods 

5P26 -Audax woofer 8” 8ohm 35 watt 

5P27 -cartridge player 12V, has high quality stereo amplifier 

5P28 -gear pump, mains motor driven with inlet and outlet pipe connectors 

5P32 -large mains operated push or pull solenoid. Heavy so add £1.50 post 

5P34 -24V 5A toroidal mains transformer 

5P35 “hem board from telephone auto dialler, complete with keypad and all 












































































































5P2. 
5P3. 
5P5. 


















5P6. 














5P 12. 
5P 13. 
































s : 
5P37 -24 hour time switch, 2 on/offs and clockwork reserve, ex Elec. Board 
loading up to 50A. Add £1 post 
5P41 -5” extractor fan, very quiet runner (s.h.), gntd 12 mths. 
5P45 —pack of 6 cooker clock swtiches 
5P48 -telephone extension bell in black case, ex-GPO 
5P50 -box of 20 infra red quartz glass enclosed 360W heating elements 
5P51 -200W auto transformer 230V to 115V torroidal 
5P52 -mains transformer 26V 10A upright mounting, add £2 post 
5P54 -mains motor with gear box, final speed 5rpm 
5P58 -Amstrad stereo tuner FM and LM and S. AM 
5P60 -DC Muffin type fan 18 to 27V, only 3W 
5P61 -drill pump mounted on frame, coupled to mains motor 
5P62 -24kw tangential blow heater, add £1.50 post if not collecting 


LIGHT CHASER KIT motor driven switch bank with connection 
diagram, used in connection with 4 sets of xmas lights makes a very 
eye catching display for home, shop or disco, only £5 ref 5P56. 
VALVE PRE AMP described in the Aug E.T.I. it’s a very interesting 
circuit if you intend trying it, we can supply many of the parts 
mains transformer 250—O—250 + 6-3V  ourref 2P69+£1 post 









































B9A valve bases 4 for £1 BD95 

Double tag strips 3 lengths £2 2P100 
Toggle switches dpst and 4p 4 way rotary switch BD394 
1 meg single gang pot 4 for £1 BD391 
100 + 100uf 320V electrolytic 2 for £1 BD392 
4uf 300V 4 for £1 BD393 
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Projects 


10W AUDIO AMPLIFIER by Mark Stuart 512 
Will accept a variety of inputs, including magnetic, dynamic, electret mics. 
and guitar pick-ups. The inputs can also be used for ‘‘voiceovers”’ 

ESCAPE INTERFACE | 524 


There's no escape for the Spectrum 


LIGHT RIDERS 





LAPEL BADGE by Mark Stuart 529 
A novel party piece 
DISCO LIGHTS by Mark Stuart 531 
A 500W lighting effects unit 
CHASER LIGHT by George Hynes 534 
Simulates the lights of Kit the Knight Rider’s car of the TV series 
ELECTRONIC THERMOMETER 538 
An *‘Exploring Electronics’’ project 
MICRO TRACER by John Becker 542 


A versatile signal injector/tracer using just two i.c.s and your micro 


SNCS 


ROBOT ROUNDUP by Nigel Clark 519 
A new regular series that investigates the world of robotics 
DIFFERENTIAL AMPLIFIERS by Joe Pritchard 520 
Op-amps and their applications 

ON SPEC by Mike Tooley BA 524 
Readers’ Sinclair Spectrum page 

EXPLORING ELECTRONICS by Owen Bishop 538 
Part Four: Using a thermistor 

ACTUALLY DOING IT by Robert Penfold 540 
Avoiding some of the common pit-falls when wiring-up projects 

BBC MICRO by R. A. Penfold & J. W. Penfold 550 
Regular spot for Beeb fanatics 7 

AMATEUR RADIO by Tony Smith G4FA1 554 


Steam Radio; Amateur Honoured; Danish Emergency Group; 
Question Corner 


TCGtWeS 


EDITORIAL BUN 

NEWS 523 

What's happening in the world of electronics 

PLEASE TAKE NOTE 525 

Flat TV Aerial; Geiger Counter; Infra Red Beam Alarm 

DOWN TO EARTH by George Hylton 526 

Quantizing; Magic by Numbers: 

READERS’ DISCOUNT SCHEME 527 

READERS’ LETTERS 528 

Your news and views 

SHOPTALK by David Barrington 537 

Product news and component buying 

BOOK SERVICE 546 

Our own service for readers of EE 

GRAVITATIONAL WAVES by George Hylton 548 

The search for gravitational radiation 

FOR YOUR ENTERTAINMENT by Barry Fox 552 

Wired Society; Window Shopping; Livenet 

MARKET PLACE : 555 

Free readers’ buy and sell spot 

PRINTED CIRCUIT BOARD SERVICE 556 
Readers’ Services @ Editorial and Advertisement Departments 511 

oi 505 





REFUNDABLE WITH FIRST ORDER 


ORDERS: RING (01) 567 891 0Oihks 


VERSATILE REMOTE DIR OLOR MICS BRINICE CEE 


CONTROL KIT DL1000K — This value-for-money 4- 
way chaser features bi-directional se- 
quence and dimming. 1kW _ per 
channel. £17.50 
DLZ1000K — A lower cost uni-direc- 
tional version of the above. Zero 
switching to reduce interference. £9.85 
DLA1 — Optional opto input allowing 
audio ‘beat’ /light response. 70p 
DL3000K — 3-channel sound to light kit 
features zero voltage switching, auto- 
matic level control and built-in micro- 
phone. 1kW per channel. £14.25 
































This kit includes all components (+ transformer) to make 
a sensitive IR receiver with 16 logic outputs (0-15V) 
which with suitable interface circuitry (relays, triacs, 
etc—details supplied) can be used to switch up to 16 
items of equipment on or off remotely. The outputs may be 
latched (to the last received code) or momentary (on 
during transmission) by specifying the decoder IC and a 
15V stabilised supply is available to power external 
circuits. 

Supply: 240V AC or 15-24V DC at 10mA. Size 
(excluding transformer) 9 x 4 x 2cms. 

The companion transmitter is the MK18 which operates 
from a SV PP3 battery and gives a range of up to 60ft. 
Two keyboards are available MK9 (4-way) and MK10 
(16-way), depending on the number of outputs to be used. 
MK12 IR Receiver (incl. transformer) £14.85 
MK18 Transmitter £7.50 
MK9 4-way Keyboard £2.00 
MK10 16-way Keyboard £5.95 
601 133 Box for Transmitter £2.60 
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XK 102 3-NOTE DOOR CHIME The DL8000K is an 8-way sequencer kit 
with built in opto-isolated sound to light 
Based on the SABO600 1C the kit is 


input which comes complete with a 
supplied with all components, including re-programmed EPROM containing 
loudspeaker, printed circuit board, apre- | EIGHTY—YES 80! different sequences 
drilled box (95 x 71 x 35mm) and full 


including standard flashing and chase 
instructions. Requires only a PP3 9V 


routines. The KIT includes full instruc- 
battery and push-switch to complete. 


tions and all components (even the PCB 
AN IDEAL PROJECT FOR connectors) and requires only a box and 
BEGINNERS £6.00 | 


a control knob to complete. Other fea- 
tures include manual sequence speed 
adjustment, zero voltage switching, LED 

XK 113 MW RADIO KIT mimic lamps and sound to light LED and 

Based on ZN414 IC, kit includes PCB, | 2 3OOW output per channel. soa da 

wound aerial and crystal earpiece and all And the best thing about it is the price: 

components to make a sensitive minia- 

ture radio. Size: 5-5 x 2-7 x 2cms. 

Requires PP3 9V battery. 

£6.00 


ONLY £28.50 
ELECTRONIC LOCK KIT 

IDEAL FOR BEGINNERS 

LOW COST MULTIMETER 


With hundreds of uses in doors, gar- 
A versatile meter with 19 ranges including 10A DC & 


ages, car anti-theft devices, electronic 
equipment, etc. Only the correct easily 
BATTERY TEST. Case is tilted for easy reading. Supplied 
complete with batteries, test leads and a manual. Ideal 


changed four-digit code will open it! 
meter for the beginner. Input impedance 20K ohm per volt. 













































































Requires a 5V to 15V DC supply. Output 
750mA. Fits into standard electrical wall 
box. Complete kit (excl. front panel) 
AC Volts: 0-10-25-1000V 5% 101 £12.50 
DC Volts: 0-2-5-10-25- 
250+1000V +5% 


POnATUA Ga HOME LIGHTING KITS 


Settery tock: ILASY AA-TEVCAD These kits contain all necessary com- 
Protection: fuse ponents and full instructions & are de- 
signed to replace a standard wall switch 


Dimensions: 154 x 77 x 43 wali 
405 103 eae £8.62 and control up to 300W of lighting. 








701 150 Electronic lock mechanism for 
use with the above kit. 16.5 


























TDR300K Remote Control Pa 

DVM/ULTRA SENSITIVE (uu . ay 
MK6 Transmitter for ~ 
BL elcid Mbdsoisbial KIT above £4.95 


TD300K Touchdimmer £8.50 
TS300K Touchswitch £8.50 
TDE/K Extension kit for 2-wa 

switching for TD300K £2. 70 





Based on the ICL 
7126 and a 33 digit 
liquid crystal dis- 
: play, this kit will 
{form the basis of a 
digital multimeter 
(only a few addi- 












: tional resistors and 
’ switches are re- 
= = quired — details sup- 
plied), or a sensitive digital thermometer (-—50°C to 
+150°C) reading 0-1°. The kit has a sensitivity of 200mV 
for a full-scale reading, automatic polarity and overload 
indication. Typical battery life of 2 years (PP3).£17.00 


ELECTRONICS _—sSEND 9’x6”S.A.E.& 
5O0p FOR CATALOGUE 
13 BOSTON RD OR CALL AT SHOP 


LONDON W7 3SJ MON-FRI 9-5pm 
Tel: 01-567 8910 SATURDAY 10-4pm 


ORDERING INFORMATION: 
ALL PRICES EXCLUDE VAT 


FREE P&P on orders over £20 (UK only), otherwise add 
75p + VAT. Overseas P&P: Europe £2.75. Elsewhere 
£6.50. Send cheque/PO/Barclaycard/Access No. 
with order. Giro No. 529314002. 


LOCAL AUTHORITY AND EXPORT ORDERS WELCOME 
GOODS BY RETURN SUBJECT TO AVAILABILITY 
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COMMUNICATION RECEIVERS 
RACAL RA17L seg doped 
vi £140 each with manual 
EDDYSTONE 730/4. 480kHz-30MHz. 
only £110 each with manual 


51” FLOPPY DISK DRIVES 
MP1 i sided. Double density. 80 br cc 
DISK DRIVE PSU. 240V in SV 1-6A &12V 1-5A Out 
ool W125mm. H75mm. hare Cased. Un- 
QWERTY KEYBOARD (as in L 
Push to make. Cased .......... Only £5 ea 8p £2) 
LYNX MICRO—128K. No ctital Supply available. 
Therefore...........0.c:cccee Only £50 ea (p&p £5) 


worn D75 Dual Trace 50MHz a 
COSSOR COUiSO. Dual Trace 36Miiz Solid State 
Portable 8 x 10cm display with manual......£200 
GOULD 08255 Dual Trace 15MHz............... £200 
Livae~ plied D61 Dual Trace sige y 
S.E. TABS S71” Dual Trace ‘18MHz Solid State 
Portable AC or External DC operation 8 x 10cm 
display with manual ...............0.....:c0:cceeceees £150 
TELE ‘ned D43. Dual Trace 15MHz. Rae 
TeLEGUIPMENT SS4A, Singie Trace’ ions sedis 
Solid State. With manual ...................0000. £110 


MULTIMETERS 
AVO 9 Mké4 (identical to AVO 8 Mk4 but scaled 
rth Complete with Batteries & Leads. £55 
AVO 8 Mk2 Complete with Batteries & Leads £45 








































































Pree ee eee EO OCS CECI Ceres irri irri rire) 


AVO AM Signal Generator type eM 








135KH2-230MHZ .............cccccecsesscsesessesseees £ 
Above Items in GOOD WORKING ORDER— 
STS ree as avo) | [OO RMN rec ce ER 
Es | AGO aR on conratr tye 
Compete with batenes, leds & cary eset ss | ADVANCE, (AM Sonal Generator ‘ye E78 









AVO Model 7x. Complete with batteries, leads & 
ae OI erect soacieeeeninaraincenet £40 
AVO Model 73. Pocket Multimeter (Analogue) 30 
tes Complete with batteries & leads........ £18 

72—Similar to above but no AC current range. 
With batteries & leads ..............c.cccceceeeeeee £10 


RACAL 32MHz Universal counter timer. Type 836 
WA MANU 0.5 sscdesressessossvecsecsosnons Only £50 ea 


STEPPING MOTORS 
: e 1,200 Steps per rev. 4 Phase (5 wire) 






AVO TRANSISTOR TESTER TT169 
Handheld GO NOGO for in situ testing. Com sted 
with batteries, leads & instructions. p&p £3. 

only £12 


ISOLATING TRANSFORMERS 
240V IN—240V OUT SOOVA £15 ea P&P £5 
240V IN—240V OUT 100VA £6 ea P&P £2 


NEW EQUIPMENT 













































12/24V. Mk 250z inch (will run on 5V halk Lal ei pooce 605. Dual Trace 60MHz. 
reduced tOrque)..............:.sccsseesssessessseenees £15 py se . Component Tester ................. £515 
Type 2- ay tt as Steps per rev. 3 Phase. 12/24 (wil HAMEG Ost ILLOSCOPE 203.5. Dual Trace 20MHz. 
work on 5V)......ccccccccscsceeeeeee £2 ea. 5 off £7.50 Component Tester................:cccccsceeseeeesesees £270 


All other models available. 
BLACK STAR FREQUENCY COUNTERS P&P £4 
Meteor 100-100MHZ ................ccccccceseseseees £99 
seta een tee Seuetineudseatasieasuiin .; 
Type 7. WARNER 24 Steps per rev. 3 Phase 6 eteor me UID UE cukscsascpevseestcass cas veusinsevags 

ire). 28V. Holding T an h......... £5 BLACK STAR JUPITOR 500 FUNCTION GENERA- 
ta a °* | TOR. Sine/Square/Triangle. 0-1Hz—5O0KHz. P&P 


PROFESSIONAL g” GREEN WO oyccsi scar tedesctsscacatidiussiiecesdsscictsecaetisek £110 
HA MM 601 hel 
SCREEN MONITORS ges nluig 0 re i ieee 


Made by KGM for Reuters. Gives quality 80 column batteries & leads. P&P £ 
x 24 line display. Composite — In. Cased. Good 
Condition Now only £32 ea 










Type 3. NORTH AMERICAN PHILIPS 24 Steps per 
rev. 4 wire 5V 3-3Amps 0-250 rpm0-200PPs£6 ea 
Type 4-200 Steps per rev. 120V (3 wire) be 
OU WIN raleei ions ® caenviessesasassesssanacndings f4e 















USED EQUIPMENT—WITH 30 DAYS GUARANTEE. MANUALS SUPPLIED IF 
POSSIBLE. This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists. 
Please check availability before ordering. CARRIAGE all units £12. VAT to be added 
to Total Goods & Carriage. 


STEWART OF READING Telephone: 0734 68041 
fret 110 WYKEHAM ROAD, READING, BERKS RG6 1PLPC%§ 


Mon-Fri (until 8pm Thurs) 












Callers welcome 9 a.m. to 5.30 p.m. 





Happy Memories 


Part type 1off 25-99 100up 
4164 150ns Not Texas .95 85 .80 
41256 150ns 2Z0°. “2:15 2.05 
2114 200ns Low Power 175 1.60 1.55 
6116 150ns 1.40 1.25 1:20 
6264 150ns Low Power 2.50 2.45 ¥.20 
2716 450ns 5 volt 2.75 2.60 2.45 
2732 450ns Intel type 2.60 2.40 2.25 
2764 250ns Suit BBC 2.05 1.90 1.75 
27128 250ns Suit BBC 2.30 2.20 2.10 
27256 250ns 3.70 3.45 3.30 


Low profile IC sockets:Pins 8 14 16 18 20 24 28 40 
Pence 5 9 10 11 12 15 17 24 


Please ask for quote on higher quantities or items 
not shown. All memory products Japanese or 
American manufacture. 


74LS series TTL, wide stocks at low prices with 
DIY discounts starting at a mix of just 25 pieces. 
Write or ‘phone for list. 


Please add 50Op post & packing to orders under £15 and VAT 
to total. Access orders by ‘phone or mail welcome. 
Non-Military, Government & Educational orders welcome for 
minimum invoice value of £75 net. 


HAPPY MEMORIES (EE), 
Newchurch, Kington, Herefordshire HR5 3QR. 
Tel: (054 422) 618 
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COMPONENT PACKS 


Greenweld are No. 1 in compo- 
nent packs—No. 1 for value and 
No. 1 for variety! We sell thou- 
sands of packs containing mil- 
lions of components every year! 
They all offer incredible value for 
money—order some now and see 
how much you save over buying 
individual parts! 














NEW FOR 1987 SEASON 


K556 Fuseholders, single & twin, pee 
el, chassis and line types 25 £2.00 
K555 Fuses. Big selection of quick 
blow and antisurge types and sizes 
including 15mm, 20mm, 1” and 32mm, 
60mA-50A! 100 £3.95 
K554 Thermistors. Mostly disc, rod 
and some valuable bead types. Identifi- 
cation/data sheet included. Big variety 
up to 40mm dia! Catalogue value over 
£50 100 £8. 





K547 Zener Diodes. Glass & plastic, 
250mW to 5W ranging from 3V to 
180V. All readily identifiable. 

100 £4.50 
K548 Tantalum Capacitors. Wide 
range of values from O-1 to 68y, 3V to 
50V. Includes both beads and valuable 
solid types. 100 £6.50 
K549 Variable Capacitors. Mostly 
small trimmers, airspaced, mica and 
polyprop dialectrics, but also included 
are a few full size tuning caps.25 £5.75 
K544 Mullard Polyester Caps. Cosme- 
tic imperfections, electrically OK. wide 
voRe of values from 0-01 to 0-474 in 






250 and 400V working 
200 £4.75 
K545 Lump, . Contains a wide 


nt (up to 100A) 
rectifiers, and SCR’s, all 
marked full sp 25 £3.95 
K546 Polystyrene/mica/ceramic capa- 
citors. Lots of useful small value caps 
up to about 0-01 in voltages 4 to 
8kV 100 £2.75 


HARDWARE 


K550 Self tapping screws, both poin- 
ted (AB) and blunt (B) in an assortment 
of sizes from {”—1}”, No. 4 to No. 8, 
pozi & hex head. Excellent value 

200 £1.00 1000 £4.00 
K551 6BA screws in a variety of 
lengths & heads, from 7” to 20mm 
long. Steel 200 £2.00 
K552 4BA screws in a variety of 
lengths and heads, from }” to 134” long. 
Mostly steel, few brass 

200 £2.40 1000 £9.60 
K553 2BA screws in a variety of 
lengths and heads, from 46” to 2” long. 
Steel. 100 £2.00 1000 £8.00 


ESTABLISHED 
FAVOURITES 


K517 Transistor Pack—50 assorted 
full spec. marked plastic devices PNP 
NPN RF AF. Type numbers include 
BC114 117 172 182 183 198 239 
251 214 255 320 BF 198 255 394 
2N3904 etc., etc. 

Retail cost £7+. Special low ge 























K523 Resistor Pack—1000—yes, 

1000 } and } watt 5% hi-stab carbon 
film resistors with preformed leads for 
PCB mounting. Enormous range of pre- 
ferred values from a few ohms to 
several megohms. 

Only £2.50 5000 £10 20 000 £36 
K520 Switch Pack—20 different as- 
sorted switches—rocker, slide, push, 

_rotary, toggle, micro etc. 

- Amazing value at only £2.00 
K522 Copper Clad Board—All pieces 
too small for our etching kits. Mostly 
double-sided fibreglass, 250g (approx. 
1:40sq ins) for £1.00 
‘K530 100 Assorted Polyester Caps 
‘—All new modern components, radial 
and axial leads. All values from 0-01 to 

ipf at voltages from 63 to 1000!! 
Super value at £3.95 
K518 200 Disc Ceramic Caps—Big 
variety of values and voltages from a 
few pF to 2-2uF; 3V to 3kV £1.00 
















Se | All prices include VAT; just add 60p P&P 
Min Access order £5. Of- 

ficial orders from schools 
etc. welcome—min_in- 
voice charge £10. Our 


REENWEL 


ELECTRONIC 


COMPONENTS shop 


















stock of components and is open 9-5.30 
Mon-Sat. Come and see us! 

443D Millbrook Road, Southampton, SO1 OHX. 
~ Tel. (0703) 772501/783740 


K539 Led Pack—not only round but 
many shaped leds in this pack in red, 
yellow, green, orange and clear. Fan- 
tastic mix. 100 £5.95 250 £13.50 
K540 Resistor Pack—mostly 3, } and 

W, also some 1 and 2W in carbon, 

ilm, oxide etc. All have full length 
leads. Tolerances from 5 to 20%. Ex- 
cellent range of values. 

500 £2.50 2500 £11.00 

K503 100 Wirewound Resistors 
—From 1W to 12W, witha good ran 
of values. £2.00 
K535 Spring Pack—approx. 100 as- 
sorted compression, extension and 
torsion springs up to 22mm dia. and 
30mm long £1.70 
K505 20 Assorted Potentiometers 
—All types including single, ganged, 
rotary and slider £1.70 
K528 Electrolytic Pack—All ready 
cropped for PCB mounting, this pack 
offers excellent value for money. Good 
range of values and voltages from 
0-47pF to 1000uF, 6V to 100V. 

100 £3.95 250 £8.95 1000 £32 
W4700 Push Button Banks—An as- 
sortment of latching and independent 
switches on banks from 2 to 7 way, 
DPCO to 6PCO. A total of at least 40 
switches for £2.95 100 £6.50 

250 £14.00 

K524 Opto Pack—A variety of single 
point and seven segment LEDs (incl. 
dual types) of various colours and 
sizes, opto isolators, numicators, multi 
digit gas discharge displays, photo 
transistors, infra red emitters and 
receivers. 25 assorted £3.95 
100 £14.95 250 £35 

K526 Heatsink Pack—Lots of different 
sizes and shapes of heatsink for most 
diode and transistor case styles. A 
pack of 25 assorted including several 
large finned types—total weight over 
gin kg. £5.50 100 £19.50 
K525 Preset Pack—Big, big variety of 
types and sizes—submin, min and std, 
MP slider, multiturn and cermets are all 
included. Wide range of values from 
20R to 5M. 100 assorted £6.75 
250 £12.95 1000 £48 

K531 Precision Resistor Pack—High 
quality, close tolerance R’s with an 
extremely varied selection of values 
mostly 4 and td tolerances from 0-1% 
to 2%—ideal for meters, test gear etc. 
250 £3 1 £10 
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1986 CATALOGUE 


Big 64 page catalogue packed with 
thousands of items from humble resis- 
tors to complex disco mixers. 8 page 
Bargain List + order form included, also 
Bulk Buyers List & £1.20 discount 
vouchers. All this for just £1.00 inc. 
post. 












NEW SURPLUS LINES 
Z469 AL30A amp. Panel 90 x 64mm. 
10W RMS O/P with 30V supply. Popu- 
lar audio amp module—these are ex- 
—. but believed to be working. 
£2.50. ; 
























Z467 POWER SUPPLY 
BARGAIN 


BRAND NEW ‘Stabilized Supply in 
heavy duty ABS case with rubber feet. 
As used with the ‘‘Newbrain’’ Compu- 
ter. Input 220/240V ac to heavy duty 
transformer via suppressor filter. oy, 
lated DC outputs: 6-5V @ 1-2A; 13-5V 
@ 0°3A; -12V @ 0-05A. All compon- 
ents readily accessible for mods etc. 
Chunky heatsink has 2 x TIP31A. 
Mains lead (fitted with 2 pin continental 
plug) is 2m long. 4 core output lead 
1.5m long fitted with 6 pole skt on 0-1” 
pitch. Overall size 165 x 75 x 72 mm. 
£5.95 10 for £40 


Z475 TRIAC PANEL—240 x 165mm. 
14 triacs 2N6346, TXAL116B or sim. 
200V 6-8A; 16 SCR’s C106A1 4A 
30V; 6 x 4099 in skts; 15 suppres- 
sors; 37 ZTX450; min 12V relay; R’s 
C’s plugs etc. Only £4.50 
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JOIN UP WITH LITESOLD 


Professional Soldering Equipment at Special Mail-Order Prices. 
EC50 Mains Electronic lroa. 









proportional electronic temperature 
control inside the handle. Adjustable 
280° to 400°C. Burn-proof 3-wire 

, : mains lead. Fitted 3.2mm Long-Life 
Features spike-free, solid state bit. 1.6, 2.4 and 4.7mm available. 240v a.c. 


SK18 Soldering Kit. £16.36 ZS 
Build or repair any electronic project. 
LC18 240v 18w iron with 3.2, 2.4, 
and 1.6mm bits. Pack of 18 swg 
flux-cored 60/40 solder. Tweezers. 

3 soldering aids. Reel of De-Solder 
braid. In PVC presentation wallet. 


ADAMIN Miniature Iron £7.08 






























nylon handle with finger grip. 


= Interchangeable bits available 1.2, 
1.6, 2.4, 3.4 and 4.7mm. Fitted with 


2.4mm. 240v 12w (12v available). 
Presentation wallet. 


Possibly smallest mains iron in the 
world. Ideal for fine work. Slim 


‘LE Series Lightweight trons. 12w £7.06 

High efficiency irons Ags : 
electronic hobby work. Non-ro 
handles with finger guards. 18w £7.12 
Stainless steel element shafts. Screw- model, 12w, 2.4mm bit. LC 18 Model, 
connected elements. Slip-on bits 18w, 3.2mm bit. 240v Std — 12v 
available from 1.6 to 4.7mm. LA12 available. Presentation wallet. 


Soldering Iron gs Designed specially for LITESOLD irons. 
Stands 3&4 aac | = Heavy, solid-plastic base with non-slip pads. 
£5.66 MOS Won't tip over, holds iron safely. With wiping 
No.5 eel sponge and location for spare (hot) bits. 
£5.88 73 s No 5 stand for EC50 iron No 4 stand 


« for ADAMIN miniature Iron No 3 stand 


for LAI2 and LC18 Irons. 



































Replacement Bits 
For all above irons. Non-stick 


Pre-tinned face (Long Life). State tip 
size, iron and type. 


designs, machined from special Copper LIL 
copper alloy, with Inconel retaining EC50 = = »£¢Ba 
rings. Two types — Chromium plated Adamin 12 and 


LA12 === 9ip_ £1.62 


with copper face (for economy and 
Lh! Qa. LI EE 


ease of use) and Iron plated with 
BRADEWICK De-Solder Braid. 


£1.04 per Reel 


De-Solder Pumps £6.26 
High Quality version of increasingly 
popular type of tool. Precision made 
anodised aluminium body, plunger 

guard and high-seal piston. Easy 


Y 
J Ii 


For simple, safe and effective 
de-soldering of all types of joint, 
using a standard soldering iron. 
Handy colour-coded packs of 1.5 
metres in 3 widths: Yellow — 1.5mm, 
Green — 2mm, Blue — 3mm. 






thumb operation. Automatic solder 
ejection. Conductive PTFE nozzle — 
no static problems. 













Top quality Japanese metric hardened and tempered 
tools. Swivel-top chrome plated brass handles. 
Fitted plastic cases. 113 set — 6 miniature 
_ screwdrivers 0.9 to 3.5mm £3.71 
>) 227 set 5 socket spanners 3 to 5mm £2.82 
305 set 2 crosspoint and 3 hex wrenches 
. 1.5 to 2.5mm £2.70 | 
228 set 20 piece combination: 
5 open, 5 skt spanners, 2 crosspoint, 3 hex 
and 3 plain drivers, scriber, handle/holder £6.10 


Microcutters. £4.82 Light weight hardened and 
precision ground. Flush cutting. Screw joint, return 
spring, cushion-grip handles. Safety wire-retaining clip. 


Set of 3 £4.22 

Scraper/Knife, Hook/Probe, 
Brush/Fork. 3 useful double-ended 
aids to soldering/desoldering/ 
assembly. In plastic wallet. 


ADAMIN Electric Stylus. £16.24 


Writes like a ballpoint in Gold, Silver, Copper or 6 
colours, on card, plastics, leather etc. Personalise 
wallets, bags, albums, books, | 
models ... Operates at 4.5v from its own plug/ 
transformer — totally safe. Supplied with coloured foils. 


SEND FOR OUR ORDER FORM TODAY 
AND JOIN UP WITH THE PROFESSIONALS igs 


Prices include p&p and VAT. Send order with Cheque/PO. Ring for Access/Visa sales, or ask for order forms 


LIGHT SOLDERING DEVELOPMENTS LTD. DEPT. EE, 
97-99 GLOUCESTER ROAD, CROYDON CRO 2DN. 01 689 0574 


——___L_<=_$=_£__ = 
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SECU RETY systems, Modules, Accessories 




























A 1250 £19.95 + 
COMPLETE sera a Send for full 
SECURITY ai details or come 
to our Showroom 
SYSTEMS aS and see the 
START FROM US 5063 £13.95 «var IR 1470 units on 
DIGITAL ULTRASONIC CK 5063 £37.00 + var £95.64 «var demonstration. 
MOVEMENT DETECTOR SELF CONTAINED ULTRASONIC ALARM KIT Spor Monday to Friday 
Shown above is a small sample of our comprehensive range which includes: BEAM 9am to 5pm 
Magnetic contacts * Vibration switches * Bell boxes = SYSTEM Closed Wednesday 





Saturday 9am to 1pm 


Add 15% VAT to all prices 
Add 7&p post and packing to all orders 


Order by telephone or post 


your oak card (a) 


%* P.A. switches * Cable *% Door & window locks etc. etc. 





re EE6O, 


"FROM THE SECURITY SPECIALISTS RISCOMP LTD. ::=:- 
OMEGA “sc: 


SPECIALIST IN COMPUTER IC’S 
ALL NEW HI-SPEC LATEST AND FASTEST DEVICES 







NEW NAME IN 
ELECTRONIC 
COMPONENTS 


RETAIL ¢ MAIL ORDER 
TRADE @ EXPORT 
EDUCATION 












COMPUTER IC’S 


4066 0.18  40990.26 4555 0.29 
DRAM NMOS 150nS 4068 0.12 45080.67 4572 0.20 
4069 0.12 45100.28 4584 0.32 
4071 0.12 45160.32 4585 0.39 
4073 0.12 45170.26  40200.29 
SRAM CMOS 4075 0.12 45180.32 4022 0.28 
6116 2K x8 4076 0.35  45200.32 4053 0.29 & 4 
6264 GK x8 4077 0.20 45260.32 4054 0.50 Ye 
4078 0.12 45280.28 4056 0.50 ee — ey 
4082 0.12 45320.44 4511 0.43 WITH | —_— ier ae Pica 
4085 0.23 45380.38 4512 0.32 FR E E Seame VOUCHERS. | 
4093 0.16  45390.35 4514 0.59 AUDIO/ VIDEO $-STRUNEN: soup ney : 
4094 0.47 4543 0.38 DISCOUNT ee, ACCESSORIES TOOL s « ee MUNK ATION : 
VOUCHERS IG INDUSTRIAL » * EXPORT * RETAIL AND Mail ORDER x 


(Any CPU or Interface IC’s Supplied) 


4000 SERIES CMOS 


- 4000 0.13 
4001 0.12 
4002 0.12 
4006 0.27 
4007 0.12 
4008 0.27 
4009 0.15 
4010 0.15 
4011 0.12 
4012 0.12 
4013 0.18 


4014 0.27 
4015 0.27 
4016 0.16 
4017 0.26 
4018 0.26 
4019 0.15 
4023 0.12 
4024 0.22 
4025 0.12 
4027 0.15 
4028 0.23 


4029 0.28 
4030 0.12 
4040 0.28 
4042 0.22 
4043 0.29 
4044 0.29 
4047 0.38 
4049 0.16 
4050 0.16 
4051 0.29 
4052 0.29 


0.24 
0.24 
0.25 
0.45 
0.24 
0.24 
0.24 
0.50 
0.24 
0.24 
0.36 
0.50 


74HC CMOS 


51 0.24 

74 0.45 

86 0.45 
107 0.35 
109 0.40 
123 0.50 
132 0.65 
138 0.52 
139 0.52 
153 0.52 
157 0.56 
158 0.56 


SPECTRUM 16K to 48K UPGRADE KIT 
FULL FITTING INSTRUCTIONS SUPPLIED 





















(Total value £4.00) a 





COMPONENTS 
SEMICONS ¢ CONNECTORS @ TEST © 
AND MEASURING INSTRUMENTS 
CABLES ¢ TOOLS ¢ BOARDS © BOXES 
AUDIO AND PA EQUIPMENT @ SECURITY 
AND COMMUNICATIONS e TV-VIDEO y 
HI-Fl e COMPUTER ACCESSORIES \ 


















PLUS - PLENTY OF BARGAINS 





ONLY £20.00 


SEND LARGE S.A.E. (min 12° x 9" with 
46p stamp UK) - arene send 

£1.00 with address) Price £1.00 to callers 
FREE ON WRITTEN REQUEST TO ALL TRAINING 
AND EDUCATIONAL ESTABLISHMENTS (ref EE) 


LUT .\. pane a elt-jeiele), pe-w.\7.\1@ 1-1 8 3 


HENRY'S audio ELECTRONICS 







ORDERS FROM COLLEGES, SCHOOLS, ELECTRONIC REPAIR 
FIRMS, ETC. WELCOME. ADD 60p P&P + 15% VAT 
ANY IC SUPPLIED — IF IT EXISTS WE WILL FIND IT 

QUOTATIONS FOR QUANTITY ON REQUEST 


189 Beverley Drive 
Edgware, Middx. HA8 5NL 


Tel: 01-951 5526 
MAIL ORDER ONLY 


CROTEC 


404 Edgware Road, London W2 1ED. 
Sales office: 01- 258 1831 
OPEN 6 DAYS AWEEK-— ALL WELCOME 


At a price and display 


Specification Highlights \ ; ' 
size to suit your choice. 


a" DC — 20MHz Bandwidth 
2mvV/div Sensitivity 

40ns — 0.2s/div Sweep 
Triggering, Auto and Level 





3036 — 130mm CRT 


3031 — yemm CRT 


Active Component Tester 


ma Test voltage: 8.6V (28mA) 


ra 5) GS wf 
*(Excluding Delivery and VAT) = 
Correct at time of going to press 


” Cootech instruments Limited 


a ol Road, St. Ives, Huntingdon, Cambs. PE17 4WJ 


mHOICE| Telephone: (0480) 301818 EN 
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RAK A I 
EONS 





ok 
Also available from Audio Electronics & Henrys 





E.E. PROJECT KITS VAGENTA 


























































































































































































































































































































































































































































Full Kits inc. PCBs, or veroboard, hardware, 
ban oats ea cases (unless stated). Less adi ess ee nr FU N WITH MM EW 
aprega ich CAR RADIO BOOSTER Aug 84 £16.64 BOOKS 
If you do not have the issue of E.E. which j 
sonidos the project — you will need to order the CAR LIGHTS WARNING July 84 £9.58 E LECTRO N i CS Sree 
instruction reprint as an extra — 70p each. VARICAP AM RADIO May 84 £12.52 Enjoyable introduction to electronics. Full Midi Projects. Penfold £2.95 ay 
Reprints available separately EXPERIMENTAL POWER SUPPLY May 84 £22.46 of very clear full colour pictures and easy to Getting The Most From 
70p each + p&p 80p. SIMPLE LOOP BURGLAR ALARM May 84 £16.34 follow text. Ideal for all beginners — chil- Your Printer. Penfold £2.95 
THIS MONTH’S KITS MASTERMIND TIMER May 84 £6.52 dren and adults. Only basic tools needed. More Advanced 
’ FUSE/DIODE CHECKER Apr 84 £4.14 64 full colour pages cover all aspects — Electronic Music Projects. 
SAE or ‘phone for prices — QUASI STEREO ADAPTOR Apr 84 £13.08 soldering — fault finding — components | Penfold f 
10 WATT AUDIO AMPLIFIER Oct 86 £34.95 DIGITAL MULTIMETER add on for BBC Micro Mar (identification and how they work). 
LIGHT RIDER LAPEL BADGE Oct 86 £9.71 84 £29.98 Also full details of how to build 6 projects 
LIGHT RIDER DISCO VERSION £18.69  NI-CAD BATTERY CHARGER Mar 84 —Ss- £11.82 — burglar alarm, radio, games, etc. Re- 
LIGHT RIDER 16 LED VERSION £12.99 REVERSING BLEEPER Mar 84 £8.14 quires soldering — 4 pages clearly show How to Get Your Electronic Projects 
SCRATCH BLANKER Sept 86 £53.17 PIPE FINDER Mar 84 £4.32 you how. Working. Penfold £2.15 
SIMPLE PRINTER BUFFER Sept 86 less PCB and lIONISER Feb 84 £28.78 COMPONENTS SUPPLIED ALLOW ALL A practical Introduction to Microprocessors. 
EPROM £47.89 2X81 EPROM PROGRAMMER Feb 84 = £17.38 PROJECTS TO BE BUILT AND KEPT Penfold £2.10 
INFRA-RED BEAM ALARM Sept 86 £26.99 SIGNAL TRACER Feb 84 £17.88 SuuthtGnteiich eke Basic Electronics. Hodder & Stoughton £8.98 
FREEZER FAILURE ALARM Sept 86 £14.76 CAR LIGHT WARNING Feb 84 £4.51 Fun WITH ELECTRONICS, Beginners Guide to Building Electronic Projects. 
CAR TIMER Sept 86 £8.30 GUITAR TUNER Jan 84 £21.28 COMPONENT PACK £18.68 Penfold £2.25 
BATTERY TESTER Aug 86 £6.85 BIOLOGICAL AMPLIFIER Jan 84 £22.99 BOOK EXTRATI.75. DIY Robotics & Sensors Billingsley. BBC £7.95 
TILT ALARM July 86 £7.45 CONTINUITY TESTER Dec 83 £11.99 eink bireMlebie aciastes Commodore 64 £7.99 
HEADPHONE MIXER July 86 £27.69 CHILDREN’S DISCO LIGHTS Dec 83 £8.42 ook available separately. Elementary Electronics. Sladdin £5.98 
CARAVAN BATTERY MONITOR July 86 £16.35 NOVEL EGG TIMER Dec 83 inc. case £12.29 Science Experiments with Your Computer £2.43 
SQUEEKIE CONTINUITY TESTER July 86 £3.35 SPEECH SYNTHESIZER FOR THE BBC MICRO Nov Tw 210) D)61emB16)\\ How to Design & Make Your Own PCBs. BP121£2.15 
ELECTRONIC SCARECROW July 86 £8.45 83 less cable + sockets £26.38 How to Make Computer Controlled Robots. Potter£3.20 
VOX BOX AMP July 86 £12.73 MULTIMOD Nov 83 £20.38 TO ELECTRONICS How to Make Computer Model Controllers. Potter£3.19 
EXPLORING ELECTRONICS 1/2 £9.99 LONG RANGE CAMERA/ FLASHGUN TRIGGER Nov Interfacing to Microprocessors & Microcomputers£6.50 
PERCUSSION SYNTH June 86 £28.98 83 £16.20 An introduction to the basic principles of Machine Code for Beginners. Usborne £2.45 
LIGHT PEN (less case) June 86 £5.80 HOME INTERCOM less link wire Oct 83 £17.26 electronics. With lots of simple experi- Micro Interfacing Circuits Book 1 £2.45 
PERSONAL RADIO June 86 £10.98 DIGITAL Lista ‘pias BOARD Oct 83 less cable, ments. Uses soldering. Lots of full colour Microprocessors for Hobbyists. Coles £4.98 
WATCHDOG June 86 £7.85 case & con £23.95 illustrations and simple explanations. A Practical Computer Experiments. Parr £1.95 
MINI STROBE May 86 £13.11 - POWER ‘DAC DRIVER BOARD Oct 83 less lovely book. Ideal for all ages. Practical Things to do With a Microcomputer. 
tS ep tiecan caging a eee ee INTRODUCTION TO ELECTRONICS Usborne £2.19 
AUTO FIRING JOYSTICK May 86 £11.86 & connector £33.57 Understanding the Micro. Usborne £1.95 
STEREO REVERB Apr 86 £25.18 STORAGE ‘SCOPE INTERFACE FOR BBC MICRO BOOK EXTRA £2.45 
VERSATILE PSU Apr 86 £23.51 Aug 83 less software £18.42 Book also available separately. ® JUST A SMALL SELECTION. LOTS MORE IN 
CIRCLE CHASER Apr 86 £20.98 HIGH POWER INTERFACE BOARD Aug 83 no OUR PRICE LIST ° 
FREELOADER Apr 86 £8.08 case £12.45 
STEPPER MOTOR DRIVER Apr 86 £4.89 USER PORT 1/0 BOARD less cable + plug £12.59 
BBC MIDI INTERFACE Mar 86 £26.61 USER PORT CONTROL BOARD July 83 less cable + f fe A i ey i N 8 S 
INTERVAL TIMER Mar 86 £17.97 plug + case £30.16 
STEREO HI-FI PRE-AMP £46.85 GUITAR HEADPHONE AMPLIFIER May 83 £9.50 
MAINS TESTER & FUSE FINDER Mar 86 £8.40 MW PERSONAL RADIO less case, May 83 £9.14 ; ; sii 
FUNCTION GENERATOR Feb 86 £23.66 MOISTURE DETECTOR May 83 at | Gutemili@erdnne ieee Amps ate mene See 
POWER SUPPLY FOR ABOVE £7.62 CAR RADIO POWER BOOSTER April 83. £14.39 . 
TOUCH CONTROLLER Feb 86 £12.25 FUNCTION GENERATOR April 83 £55.17 Complete with leads, battery and manual. £13.98 
pH TRANSDUCER (less Probe) Feb 86 £23.11 FLANGER SOUND EFFECTS April 83 £29.00 VEROBLOC BREADBOARD, DESIGN PAD, MOUNTING PANEL AND 10 CROCODILE CLIP 
LIGHT EFFECTS/GAMES UNIT Feb 86 £10.89 NOVELTY EGG TIMER April 83 less case £6.58 CONNECTING LEADS. a oa 0 s £6.98 
SPECTRUM OUTPUT PORT Feb 86 £10.72 DUAL POWER SUPPLY March 83 £69.48 REGULATOR UNIT FOR SAFE POWER SUPPLY. All components including the specified case. Also the 
HEADLIGHT ONE SHOT Feb 86 £11.22 BUZZ OFF March 83 £5.41 plugs, fuse and fuseholders to suit the EE mains adaptor. £16.78 
OPORT Jan 86 £7.14 PUSH BIKE ALARM Feb 83 £14.07 COMPONENTS FOR PRACTICAL ASSIGNMENTS. Parts 1 and 2 (Oct & Nov) £1.94. Part 3 (Dec) £1.37. 
peaner reat eS ll ) ‘a robes CONTURITY CECKEN foo a rahe Part 4 (Jan) £2.48. Part 5 (Feb) £2.22. Part 6 (Mar) £6.31. Parts 7, 8 & 9 (combined) £2.55. 
@Ss Case van ’ t 5 . 
ONE CHIP ALARM Jan 86 £0.29 2-WAY INTERCOM July 82 no case £5.42 TEACH IN 86 PROJECTS LEG O T h ° S 7 
MUSICAL DOOR BELL Jan 86 £17.8 LECTRONIC PITCH PIPE July 82 £6.48 
TTL L06iC PROBE Dec 85 £9.45 REFLEX TESTER July 82 7 £9.32 UNIVERSAL LCR BRIDGE Nov 85 = £25.83 CcHnIC StS 
DIGITAL CAPACITANCE METER Dec 85 £39.57 SEAT BELT REMINDER Jun 82 £4.92 DIODE/TRANSISTOR TESTER Dec 85 £18.89} TEACHERS WE ARE STOCKISTS OF THE 
FLUX DENSITY TRANSDUCER Nov 85 £28.72 EGG TIMER June 82 £6.53 USEFUL AUDIO SIGNAL TRACER WHOLE RANGE. CONTACT US FOR 
SQUEAKING BAT less case Nov 85 £9.49 V.C.0. SOUND EFFECTS UNIT Apr 82 £15.25 AUDIO SIGNAL GENERATOR Feb 86 £26.21 
SCREAMING MASK less case Nov85 £10.97 CAMERA OR FLASH GUN TRIGGER Mar | pF. SIGNAL GENERATOR March 86 £24.48 AND QUICK DELIVERIES. 
STRAIN GAUGE AMPLIFIER Oct 85 £28.00 $82 less tripod bushes £16.38 FET VOLTMETER Apr 86 £21.48 
SIMPLE AUDIO GENERATOR Oct 85 £2.85 POCKET TIMER Mar 82 £4.92 RECHARGE ORDINARY BATTERIES 
SOLDERING IRON POWER CONTROLLER Oct GUITAR TUNER M DIGITAL PULSE GENERATOR May 86 £16.68 
ar 82 £20.62 Ordinary zinc carbon and ‘Duracell’ batteri 
ry zinc ca an urace’ tteries can 
85 £5.21 SIMPLE STABILISED POWER SUPPLY Jan NEW be recherged many times using our specie! 
VOLTAGE REGULATOR Sept 85 £7.46 82 £32.37 MINI MODEL MOTORS charger. A designer-approved kit as featured in 
PERSONAL STEREO P.S.U. Sept 85 £9.89 MINI EGG TIMER Jan 82 £5.28 14-3V, 2 TYPES. MM1—59p MM2—61p Practical Electronics, Aug 85 issue. Quickly pays 
R.1.A.A. PRE-AMP Sept 85 £15.94 SIMPLE INFRA RED REMOTE CONTROL Nov for itself. SEND FOR DETAILS. 
CARAVAN ALARM Sept 85 £10.30 81 £22.44 
FRIDGE ALARM Sept 85 £7.50 CAPACITANCE METER Oct 81 £30.98 MOTOR — GEARBOX ASSEMBLIES 
ai esata ie TEMP. vines diye nde Oct 81 got Miniature precision made. pore with quality electric scoop bls 4 re, ratios 
: ‘ achieved by fitting from 1-6 gearwheels (supplied) as required. Operates from 1.5V to 4.5V. 
eee THERMOMETER Sept “tien seariertyeennen ata 8 i Small unit type MGS speed range 3rmp-2200rpm depending on voltage & gear ratio. Large 
PLATINUM PROBE Extra £24.20 PHOTO FLASH SLAVE Oct 81 £4.56 our BL paar: Best torque motor) 2rpm-1150rpm. Long enw dia output shafts. Ideal for 
LOW COST POWER SUPPLY UNIT Aug 85£18.39 FUZZ BOX Oct 81 £9.57 
TRI-STATE THERMOMETER (Batt) Aug 85 £6.66 SOIL MOISTURE UNIT Oct 81 £7.66 Snel Unit eet aoe ate ee INN) £S.28: 
TREMOLO/VIBRATO Aug 85 £37.92 0-12V POWER SUPPLY Sept 81 £23.38 Pulley wheels 3mm bore. Metal flange with 
STEPPER MOTOR INTERFACE FOR THE BBC COMBINATION LOCK July 81 less case £25.89 brass hub. 10mm dia. £1.75. 20mm dia. 
COMPUTER less case Aug 85 £13.99 SOIL MOISTURE INDICATOR E.E. May 81 £5.39 £1.84. 30mm dia. £1.99. 
1D35 STEPPER MOTOR EXTRA £14.50 PHONE BELL REPEATER/BABY ALARM May Metal collar with fixing screw, 3mm bore 
OPTIONAL POWER SUPPLY PARTS £5.14 81 £7.38 24p. Flexible spring coupling 5mm. Length 
CONTINUITY TESTER July 85 £5.90 INTERCOM April 81 £29.31 31mm 68p. 
TRAIN SIGNAL CONTROLLER July 85 £9.66 MODULATED TONE DOORBELL Mar 81 £8.82 Flexible metal coupling (universal) 3mm 
AMSTRAD USER PORT July 85 £16.83 2 NOTE DOOR CHIME Dec 80 £13.62 2.98. 
ACROSS THE RIVER June 85 £19.77. LIVE WIRE GAME Dec 80 £15.44 
ELECTRONIC DOORBELL June 85 £7.20 GUITAR PRACTICE AMPLIFIER Nov 80 £14.10 less 
GRAPHIC EQUALISER June 85 £25.66 case. Standard cese extra £5.98 ‘oy. PNR Ole1 0) = ADVENTURES 
AUTO PHASE May 85 £17.98 SOUND TO LIGHT Nov. 80 3 channel £28.08 
INSULATION TESTER Apr 85 £18.65 TRANSISTOR TESTER Nov 80 £15.36 PE SS WITH 
LOAD SIMPLIFIER Feb 85 £18.68 AUDIO EFFECTS UNIT FOR WEIRD SOUNDS Oct bbs & ith hon terre _ 
SOLID STATE REVERB Feb 85 £43.97 80 £17.28 each kit, our books, & illustrations of our ELECTRONICS 
GAMES TIMER Jan 85 £8.39 | MICRO MUSIC BOX Feb 80 £21.43 range of tools & components. Also step- 
SPECTRUM AMPLIFIER Jan 85 £6.58 Case extra £4.32 per motor, interface kit & simple robotics. An cnsy to follow eek suitable for all-ages. Kost for 
TV AERIAL PRE-AMP Dec 84 £14.83 SPRING LINE REVERB UNIT Jon80 «£32.64 | Plus circuit ideas for you to build. If you —_|_ beginners. No soldering, uses an S-Dec Breadboard. 
Optional PSU 12V £2.44 240V £11.83  UNIBOARD BURGLAR ALARM Dec 79 £7.98 ~—‘|_ "ead Everyday Electronics then you need a nti bese lung iiapelh maprnnadiea rest Gge “1s, 
: . ¢ . — including three radios, siren, metronome, organ, 
MINI WORKSHOP POWER SUPPLY Dec 84£41.98 DARKROOM TIMER July 79 £3.84 copy of the MAGENTA catalogue Filo tone, We Wales von bie teak aenioa 
DOOR CHIME Dec 84 £17.89 MICROCHIME DOORBELL Feb 79 rome CATALOGUE & PRICE LIST — Send £1 in stamps Seeianiete wad bee teil vik 0 pack 


BBC MICRO AUDIO STORAGE SCOPE sali SOUND TO LIGHT Sept 78 etc. or add £1 to your order. Price list — 9x4 sae. 


£10 , 
CAR BATTERY STATE INDICATOR LESS CASE = includes an S-Dec breadboard and all the components for 
























































Nov 84 : 
PROXIMITY ALARM Nov 84 £21.58 78 £2.75 Catalogue FREE TO SCHOOLS/COLLEGES RE- the projects. : 
MAINS CABLE DETECTOR Oct 84 £5.27 _R.F. SIGNAL GENERATOR Sept 78 £37.44 QUESTED-ON OFFICIAL LETTERHEAD. Adventures with Electronics £3.58. Component pack 
MICRO MEMORY SYNTHESISER Oct 84 £57.57 IN SITU TRANSISTOR TESTER Jun 78 £9.00 £20.98 less battery. 
DRILL SPEED CONTROLLER Oct aA aa £0.27 WEIRD SOUND EFFECTS GENERATOR Mar 
GUITAR HEAD PHONE AMPLIFI 78 £7.44 
SOUND OPERATED FLASH less lead Sept 84£6.98 ELECTRONIC DICE Mar 77 £5.97 pak ahaa i moots aes tei! DAtlL 12V (01) £838 
ANTEX X5 SOLDERING IRON 25W £7.25 SUS TISREVEN TYPE 1 1O0Seny ty 
See ice MULTIMETER TYPE 3 30,000opv £27.98 
MAGENTA ELECTRONICS LTD. SHOP NOW OPEN-CALLERS WELCOME SOLDER HANDY SIZE 5 i MR = ip A ga ll “as 
EE45, 135 HUNTER ST. ADD £1 P&P TO ALL ORD SOLDER CARTON lena Geran yer 
BURTON-ON-TRENT, PRICES INCLUDE VAT. SOLDER REEL SIZE 10 meee A LL 45 
STAFFS, DE14 2ST. SAE ALL ENQUIRIES. nee LOW COST PLIERS HELPING HANDS JIG & MAGNIFIER ‘78 
0283 65435, Mon-Fri 9-5. OFFICIAL ORDERS WELCOME. ee ee MINIATURE VICE (PLASTIC) F 
Access/Barclaycard (Visa) by FUSH REPUBLIC end BFPO: UX Prac. 





phone or post. UROPE: 
24 hr Answerphone for credit card orders. spo fing galley RN 
Our prices include VAT. SHOP HOURS: 9-5 MON-FRI. 


PRICE LIST—FREE WITH ORDERS OR SEND SAE 
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THE WORLD OF 











FOR ONLY £2.50 


ELECTROMAIL-A BRAND 4 ati 
NEW WAY TO BUY RS Cables and accessories 
PRODUCTS. 


® Over 12,000 products from a single | 
source. 


@ The quality range — proven oy 
industry. 

@ Excellent stock availability. _ 

® 24 hour ordering. 

® 688 page catalogue. 





















Conduit and trunking 3 systems 


Connectors 


Control and | switchgear 


Drafting aids 








Emergency/safety lighting 


— Enclosures and accessories 








Fasteners 





Fuses & circuit, breakers 





Instruments 





Integrated circuits 





- Optoelectronics/indicators 


Write or phone today for your copy 
of the new Electromail catalogue. 


It's an invaluable technical reference packed 
with photographs and detailed descriptions of the 
complete product range. 


Send £2.50 or, if phoning, quote your Access/Visa 
number. 





Power supplies 








Printed circuit boards be fabrication 





Relays, solenoids and sensors 





Resistors and capacitors 





| Security & safety products 


Semiconductors 









The Electromail service is only available to UK customers. Service aids 





"Soldering and desoldering 





_ Speakers & microphones 





‘Suppressors & filters 





Switches 





mohinioal books and videos 


Dept. 300, PO Box 33, Corby, Northants. NN17 9EL | — 
TE LE P H ONE : | , ca ee ‘Tools  & production a: aids 


O 5 3 & 2 O 5 5 5 ‘Transformers and wound components 














Wiring accessories 


Workshop equipment 











Editorial Offices 

EVERYDAY ELECTRONICS EDITORIAL, 
6 CHURCH STREET, WIMBORNE, 
DORSET BH21 1JH 

Phone: Wimborne (0202) 881749 


See notes on Readers’ Enquiries below—we 
regret that lengthy technical enquiries cannot be 
answered over the telephone 





EVER OL) ars 


ELECTRONICS 
ald FELIECTMOUNICS MONTHLY 


VOL 15 N°10 OCTOBER ‘86 


DISCOUNT 
AS I mentioned last month, in this issue we are launching the EE Readers 
Discount Scheme. No doubt you will have noticed the yellow card on the 
outside of your copy—the card carries the first voucher for the scheme. The 
vouchers must be cut out and sent to any of the participating advertisers—see 
page 527—to claim your discount. It is not good enough to send a photostat 
(this also applies to our Market Place date corners, the actual corner must be 
sent in, not a copy). In future months the voucher will be printed inside each 
issue together with the notes from participating advertisers and the scheme 
rules. 
Incidentally with one voucher readers can get a five per cent reduction on 
any of the books advertised in our book service—so we are taking part in our 





Advertisement Offices 

EVERYDAY ELECTRONICS ADVERTISEMENTS 
- 4NEASDEN AVE., CLACTON-ON-SEA, ESSEX 

CO16 7HG. Clacton (0255) 436471 





Editor MIKE KENWARD 


Personal Assistant 
PAULINE MITCHELL 


Assistant Editor/Production 
DAVID BARRINGTON 


Assistant Editor/Projects 
DAVID BRUNSKILL 


Editorial: WIMBORNE te 881749 


Advertisement Manage 
PETER J. MEW Clacton (0255) 436471 


Classified Advertisements 
Wimborne (0202) 881749 


READERS’ ENQUIRIES 


own scheme. 


In addition to the voucher, the yellow card carries a subscription order form 
and a newsagents order form. Sadly we find many readers miss issues during 
the year as they do not have a regular order. While we can supply back 
numbers of most recent copies, some isues are particularly popular and 
therefore sell out quickly. To avoid missing issues either fill in the newsagent 
order and hand it to your local newsagent, he will then reserve your copy each 
month, or send in the subscription form with the appropriate payment (bank 
draft, in £ sterling only please overseas readers). Once you have done this we 


will post each issue to you for a year. 


FAME 


EE and its readers could be even more famous soon. We have had some 
preliminary conversations with BBC TV about the use of our EE Geiger 
Counter project (August issue) in a science series they are planning. It is just 
possible that if you have built one of these counters you will be asked to 
participate in some nationwide experiments in the new year—watch this space 
for further details. Perhaps it’s a sad reflection on the times we live in but the 
Geiger Counter has proved to be a very popular project! 


ADDRESS 


Some readers are still using old addresses for EE services. All 
correspondence should now be sent to Everyday Electronics, 6 Church Street, 
Wimborne, Dorset BH21 1JG. This address is also correct for back numbers, 
binders, p.c.b.s, subscriptions, press releases and our book service as well as all 
editorial correspondence. Only display advertisers need to deal with our 
Advertisement Manager at his separate address. 

Please note and use the Wimborne address—t will speed up your orders and 
correspondence. We did actually move last March! 





INFRA-RED 
BEAM ALARM 
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BACK ISSUES & BINDERS 

Certain back issues of EVERYDAY 
ELECTRONICS and ELECTRONICS 
MONTHLY are available price £1.25 
(£1.75 overseas surface mail) inclusive of 
postage and packing per copy. Enquiries 
with remittance, made payable to Every- 
day Electronics, should be sent to Post 
Sales Department, Everyday Electronics, 6 
Church Street, Wimborne, Dorset BH21 
1JH. In the event of non-availability remit- 
tances will be returned. Please allow 28 
days for delivery. (We have now sold 
out of Oct. and Nov. 85 and April 86.) 

Binders to hold one volume (12 issues) 
are available from the above address for 
£5.50 (£6.25 overseas surface mail) inclu- 
sive of p&p. Please allow 28 days for 
delivery. — 

Payment in £ sterling only please. 


We are unable to offer any advice on the 
use, purchase, repair or modification of 
commercial equipment or the incorpora- 
tion or modification of designs published in 
the magazine. We regret that we cannot 
provide data or answer queries on articles 
or projects that are more than five years 
old. Letters requiring a personal reply 
must be accompanied by a stamped 
self-addressed envelope or a self- 
addressed envelope and inter- 
national reply coupons. 

All reasonable precautions are taken to 
ensure that the advice and data given to 
readers is reliable. We cannot, however, 
guarantee it and we cannot accept legal 
responsibility for it. 


COMPONENT SUPPLIES 

We do not supply electronic com- 
ponents or kits for building the projects 
featured, these can be supplied - by 
advertisers. 


OLD PROJECTS 

We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue. 

We regret that we cannot provide 
data or answer queries on projects 
that are more than five years old. 


ADVERTISEMENTS 

Although the proprietors and staff of 
EVERYDAY ELECTRONICS take reason- 
able precautions to protect the interests of 
readers by ensuring as far as practicable 
that advertisements are bona fide, the 
magazine and its Publishers cannot give 
any undertakings in respect of statements 
or claims made by advertisers, whether 
these advertisements are printed as part of 
the magazine, or are in the form of inserts. 

The Publishers regret that under no 
circumstances will the magazine accept 
liability for non-receipt of goods ordered, 
or for late delivery, or for faults in manufac- 
ture. Legal remedies are available in re- 
spect of some of these circumstances, 
and readers who have complaints should 
address them to the advertiser or should 
consult a local trading standards office, or 
a Citizen’s Advice Bureau, or their own 
solicitor. 


SUBSCRIPTIONS 

Annual subscription for delivery dieses to 
any address in the UK: £13.00. Overseas: 
£15.00. Cheques or bank drafts (in £ 
sterling only) payable to Everyday Elec- 
tronics and sent to EE Subscription Dept., 
6 Church Street, Wimborne, Dorset BH21 
1JH. Subscriptions can only start 
with the next available issue. For back 
numbers see the note on the left. 
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10W AUDIO 
ANIPLIFIER ~ 


MARK STUART 





A versatile design 
which will accept 
a wide variety of 
inputs and 
provides mixing 
facilities 


HIS AMPLIFIER was designed to be ex- 

tremely versatile and useful. It provides 
10 watts r.m.s. sine wave output power (20 
watts PEAK) into 8 ohms and will accept a 
wide variety of inputs. 

There are two “flat” inputs; one with 47k 
input impedance is for dynamic and electret 
microphones, guitar pick-ups and other low 
signal sources. The other input has a I meg- 
ohm impedance and accepts signals: at 
standard “line” levels between 100mV and 
1 volt. 

Another completely independent input is 
provided with full disc RIAA equalisation 
for use with moving magnet pick-up car- 
tridges. This channel has a separate level 


INPUT 


MIXER & 


SOFT 


LIMITER 





control from the “flat”? channel and so 
signals from the two can be mixed without 
interaction to blend announcements with 
music for example. A master volume con- 
trol allows the overall output level to be 
adjusted without affecting the relative 
levels of the two channels. 


HOW IT WORKS 


A block diagram of the amplifier is shown 
in Fig. 1. Two input sockets wired in 


VOLTAGE 


REGULATOR 


Fig. 1. Block diagram of the 10W Audio Amplifier. 
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parallel are provided on the disc input so 
that stereo signals will’ automatically be 
combined for mono reproduction. The 
mixer stage incorporates a “soft limiter” 
action which can be used to provide over- 
drive effects when used with electric guitars 
or to improve the intelligibility of speech 
from those individuals who insist on shout- 
ing into the microphone regardless of the 
fact that the amplifier is giving its all. 

The beauty of soft limiting is that the 
behaviour of the amplifier under overload 
is smooth and controlled. In fact a degree of 
soft limiting adds a compression effect 
which improves the effective “speech 
power” without introducing harshness. 

Soft limiting is introduced by reducing 
the master volume setting and increasing 
the flat channel input volume setting to 
compensate. The relative levels of these two 
controls affect the degree of limiting that is 
applied. At ‘normal’ control settings limit- 
ing does not occur until the full power 
output is being delivered and the power 
amplifier begins to clip. 

The power supply to the amplifier incor- 
porates an i.c. voltage regulator. This com- 
ponent is often omitted in audio amplifier 
designs to keep down the cost. Its inclusion 
in this design gives two very worthwhile 
benefits. The first is that the output hum 
level is practically inaudible even at maxi- 
mum settings of all controls. The second 
benefit is that the power supply transformer 
and rectifiers are fully protected from out- 
put short-circuit conditions. The ability to 
withstand abuse without problems is essen- 
tial for an amplifier which will be used as a 
“workhorse” in a wide variety of situations. 


POWER AMPLIFIER 


The circuit of the amplifier is shown in 
Fig. 2. The power amplifier section appears 
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1 PHONO 
1VOLUME 





Fig. 2. Complete circuit diagram of the 10W Audio Amplifier. 


very simple because all of the work is done 
by a single TDA2004 class B dual audio 
power amplifier i.c. This i.c. contains two 
identical power amplifier stages which have 
been connected in this circuit as a full 
bridge amplifier. 

The feedback network of resistors R17, 
R18, R19, R20, and capacitors C14, C16 is 
arranged so that the output of the lower 
amplifier is exactly the opposite to that of 
the upper amplifier. The loudspeaker is 
connected between the two outputs so that 
the maximum voltage swing across it is 
twice that of each single stage. | 

At maximum output each stage can de- 
liver 13V peak-to-peak giving 26V across 
the loudspeaker. With a sine wave output 
this corresponds to 9V r.m.s. which gives 
just over 10 watts into 8 ohms or 20 watts 
peak. 

The supply to IC4 is decoupled by C23, 
R16 and C12. Other components around 
IC4 are: R21, C17, R22 and C18, which 
prevent high frequency instability; C13 and 
C15, which provide bootstrapping to in- 
crease the available output voltage swing 
and the input coupling capacitors C10 and 
Cll. One big advantage of the full bridge 
amplifier is that the two outputs are at the 
same d.c. voltage and so a large output 
coupling capacitor is not required. 


POWER SUPPLY 


The power supply is based on a good 
quality mains transformer with separate 
primary and secondary bobbins; this is used 
to reduce mains borne interference to an 
absolute minimum. 

A standard centre tapped transformer 
arrangement with two diodes (D8, D9) and 
a smoothing capacitor (C19) provides the 
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rough d.c. supply which feeds the 15V 
regulator ICS. From ICS the stable 15V rail 
is decoupled by C21 before passing to the 
power amplifier circuit. | | 

Capacitors C20 and C22 are connected 
close to ICS and prevent high frequency 


instability due to lead inductances. The: 


Output ripple voltage from ICS is less than 
10mV even when the amplifier is delivering 
its full output. 


PREAMPLIFIER 


In the preamplifier section three low 
noise op-amps are used to provide the two 
input channels and mixer amplifier. The 


mid-rail voltage of 7-5V which is required 


for correct biasing of these stages is provid- 


ed from the main 15V supply by resistor R1 
and Zener diode D1 and decoupled by 
capacitor Cl. 

The “flat” frequency response channel 
gain is provided by IC1, which is configured 
as a non-inverting amplifier. Two input 


levels are obtained by means of resistors R2 


and R7 which also define the input 
impedances. 

Inputs are connected via a stereo jack 
socket SK1 which is wired so that the high 
sensitivity 47k input is connected to the 
plug tip, and the low sensitivity one meg- 
ohm input is connected to the plug ring. The 
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COMPONENTS atitanceony £35 


Resistors 
R1,R5,R17 R11 
R15 
R16 


R18 
R19, R20 
R21,R22 


Potentiometers 
VR1,VR2,VR3 = 22k log. (3 off) 


Capacitors 
C1 1000h radial elect. 16V page 537 
Gz 1y radial elec. 16V 
C3,64,C7,C17- 
C18,C22,C23  100n polyester (7 off) 
10n polyester 
3n9 polyester 
150p ceramic 
C9,C13,C15 100u radial elect. 25V (3 off) 
C10,C11 2u2 radial elect. 63V (2 off) 
10u radial elec. 16V (2 off) 
220u radial elec. 25V (2 off) 
3300u or 2200u axial elc. 35V 
2200u radial elec. 16V 


Semiconductors 
IG7,1ICZ,1C3 TLO71 low-noise BI-FET op-amp (3 off) . 
TDA2004 dual audio power amp 
7815 +15V voltage regulator 
BZY88C7V5 Zener 
IN4 148 (6 off) 
IN4001 (2 off) 


18V/A transformer, 240V primary, 15V-OV-15V secondary 

(see text) 

d.p.s.t. mains rocker switch 

iin stereo jack socket 

metal panel mounting phono sockets (2 off) 

DIN loudspeaker socket 
Metal case, 230mm x 130mm x 60mm; 8-pin i.c. sockets (3 off); 6-way 2A 
terminal block; aluminium heatsink, approx. 102mm x 38mm; mains cable 
‘“saddle’’ clamp; connecting wire and soldering pins, etc.; printed circuit boards, 
available from EE PCB Service, order code: EE543 and EE544; knobs. 
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sleeve of the jack plug is the common 
ground connection. 

When a mono jack plug is inserted it 
automatically connects to the 47k high 
sensitivity input, which is the one required 
by guitars, microphones, etc. Diodes D2 
and D3 along with series resistor R6 have 
been added to protect the amplifier from 
excessive input signals. 

Static charges, mains pick-up, and the 
output signals from other amplifiers are all 
potential hazards to P.A. systems of this 
type. The combination of a series resistor to 
limit the current and shunt diodes which 
direct excess voltages safely into the supply 
rails should eliminate the danger from all 
but lightning strikes! 

The output from ICI passes to the flat 
channel volume control VR1 via C4. From 
the slider of VR1 the signal passes to the 
mixer amplifier stage where it is combined 
with the signal from the RIAA equalised 
phono channel. 


RIAA INPUT STAGE 


The RIAA disc equalising section of the 
circuit is built around the TLO71 low-noise 
BI-FET op-amp IC2, see Fig. 2. It is 
connected in a similar arrangement to IC1 
but the feedback network which consists of 
R5, R10, R11, C6 and CS is calculated to 
give the necessary equalisation for a stan- 
dard moving magnet disc pick-up. 

Overload protection is provided by resis- 
tor R3 and diodes D4, D5. The output 
passes to the phono volume control VR2 
and then on via resistor R12 to the mixer 
stage. 


MIXER STAGE 


Signals from VR1 and VR2 pass via R13 
and R12 respectively to the inverting inputs 
of IC3, the mixer stage. Feedback around 
this stage is provided by R14 and C8 for low 
and medium level signals. At higher levels 
diodes D6 and D7 begin to conduct and 
provide progressively higher amounts of 
feedback as the signal level increases. 

This progressive feedback gives the stage 
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the soft limiting characteristic which has 
been discussed earlier. Capacitor C8 gives 
the mixer response a gentle high frequency 
roll off. 

The use of an inverting amplifier as a 
mixer stage ensures that interaction 
between the settings of VR1I and VR2 is 
completely eliminated. From the mixer 
stage the signal passes via the master 
volume control to the power amplifier. 


CONSTRUCTION 


Individual printed circuit boards are used 
for the power amplifier and the preampli- 
fier. Figs. 3 and 4 show the printed circuit 
master patterns (full size) and component 


layout of the two boards. These boards are | 


available from the EE PCB Service, order 
code EE543 and EE544. 

Before inserting any components into the 
boards it is suggested that the case is drilled 
and the sockets, potentiometers, mains 
switch, mains transformer, power supply 
terminal block and mains cable are fitted. 
The printed boards can be used as templates 
~ to mark out their fixing holes and can be 
temporarily fitted to ensure that the layout 
of the components in the case is correct. 

It is advised that the layout used in the 
prototype is adhered to as this gives the best 
routeing of signal wires and ensures that the 
mains wiring is safely separated from all 
other connections. The transformer recom- 
mended is one with fully insulated wire 
leads. This means that the mains connec- 
tions can be made by insulated spade 
connectors to the on-off switch. 

It is also essential that there is a good 
mains earth connection to the case for 
reasons of safety and to eliminate mains 
hum. A solder tag fitted tightly under one of 
the transformer mounting bolts makes the 
best mains earthing point. 

Also important for safety is the use of a 
suitable grommet where the mains cable 
enters the case and a saddle clamp or 
similar device near to the switch to ensure 
that the mains lead cannot work loose and 
make dangerous contact with other parts of 
the circuit. Attention to these safety aspects is 
vital to the construction of all types of mains 
powered projects. ; 

To simplify the cutting of the front panel 
a dimensional drawing of the case specified 
is given in Fig. 5. The speaker output socket 
SK4 is fitted to the rear panel of the case. 

Diodes D8 and D9 and the smoothing 
capacitor C19 have been deliberately kept 
away from the rest of the circuit and are 
mounted on a screw terminal block fitted to 
the bottom of the case. A small double- 
sided adhesive pad should be used to secure 
C19 to the case. 


CIRCUIT BOARDS 


Begin assembling the boards by fitting 
wiring pins in all of the appropriate places. 


The pins must be pressed into the board — 


material from the track side so that they are 
a tight fit and then soldered. Considerable. 
force may be needed to push the pins fully 
home, a vice or small hammer may be used 
(with care) if necessary. 

Construction of the boards is straight 
forward. Observe polarity of the diodes and 
electrolytic capacitors and fit i.c. sockets for 
the three pre-amp 1.c.s. 

A small piece of aluminium is used as a 
heatsink for IC4 and ICS. This heatsink 
does not need insulating from either of the 
i.c. tabs, but it MUST NOT contact the 
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_ Fig. 5. Hole positions for drilling the specified case front panel. 
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case. The reason for this is that power 
supply currents flowing in the case can 
appear as input signals by means of so called 
‘earth loops’, resulting in severe distortion 
and instability. 

Earth loops are completely overcome by 
ensuring that the power supply is connected 
to the case at just one point. In this 
amplifier a single connection is made to the 
case via a solder tag on the input socket 
SK3. 

When the two boards have been assem- 
bled they can be mounted in the case ready 
for wiring. 


WIRING 


Wiring details to the boards and case 
mounted components are given in Figs. 3 
and 4. The wiring between the pre-amp 
board and the three controls and input 
sockets should be carried out first. Use 7/0-2 
or similar stranded wire and keep the three 
wires to each control separate from the 
other wires. Leave sufficient wire to enable 
the board to be lifted and turned over for 
testing. 

The connections to the input sockets are 
made using single screened cable. Note that 
R2 is fitted directly on to the tags of SK1. 
Complete the wiring by making the connec- 
tion between the two boards, and to the 
speaker socket and power supply. 

When everything is complete check that 
the mains wiring is secure and well separat- 
ed from the other wiring and that the power 
amplifier heatsink cannot touch the case. 
The amplifier is now complete and ready 
for testing. 


TESTING 


To test the amplifier it is necessary to 
have the power connected whilst the case lid 
is removed. Provided the mains connec- 
tions have all been carefully insulated this 
should be possible with complete safety. 
Before applying power look over the mains 
wiring and ensure that there are no bare 
connections. . 

Begin testing by using an ohmmeter to 
check for continuity between the mains 
lead, earth wire and the case. Next, discon- 
nect the positive supply wire (+V) from the 
power supply terminal block, and switch on 
the amplifier. Check that the voltage across 
capacitor C19 is about 28V and of the 
correct polarity. Switch off again and dis- 
charge C19 using a resistor (between 100 
ohms and Ik). 
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If a multimeter with a current range of 
250mA or greater is available connect this 
between the positive terminal of C19 and 
the +V wire to the power amplifier. Switch 
on and check that after an initial surge the 
Current steadies at between 80mA and 
120mA. 

A higher current reading indicates pos- 
sible reversed capacitors or diodes or faulty 
wiring. In this event the best policy is a 
thorough check of everything. The use of an 
1.c. voltage regulator (IC5) means that the 
fault current will be limited automatically 
and so damage is unlikely to occur even if a 
fault is present. 

When the current reading is correct take 
the meter out of circuit and reconnect the 
+V wire directly to the power.supply termi- 
nal block. A set of voltage checks can now 
be made and will reveal any obvious errors. 

All voltages should be measured with 
respect to the negative supply rail (case) and 
be within 0:5V of the value given. First 
check that the output of IC5 is delivering 
I5V. The two terminals of the speaker 
socket should both be at half supply (7-5V). 

Next check that the pre-amp board mid- 
rail voltage on the cathode of D1 is 7-5V. 
The same voltage should appear on pin 6 of 
all three pre-amp i.c.s, If all the voltages are 
correct it is likely that the whole circuit is 
functioning correctly and all that remains is 
to do a few audio signal tests. 

The simplest audio signal test is to con- 
nect a speaker, turn up all three controls to 
mid setting and touch each input terminal 
in turn. There should be the familiar loud 
mains buzz, adjustable in volume by the 
appropriate controls. The RIAA equalised 
channel should give a deeper sounding buzz 
because of the built-in low frequency 
emphasis. 

If all of these tests are satisfactory, switch 
off, fit the case lid and try using a few 
appropriate audio signal sources. The effect 


of the soft limiter is brought in by turning 
up the input control and turning down the 


master volume control. Using an electric 
guitar as a source it should be possible to get 
a smooth overdrive and sustain effect. 

For use with sources where soft limiting is 
not required use lower settings of the input 
controls and turn up the master control to 
compensate. A few minutes experimenting 
will show how controllable the effect is and 
how it can be eliminated completely if 
required. 


VARIATIONS 


Although the amplifier as it stands can 
cope with most input signals, by changing a 
few component values its gain can be 
changed to suit other applications. 

The soft limiting effect can be eliminated 
completely by removing diodes D6 and D7 
and the overall gain of the mixer stage can 
be increased by increasing the value of 
resistor R14. A value of 470k will give a ten 
fold increase in gain. 

Similarly the gain of the “flat” channel 
amplifier IC1 can be increased by reducing 
the value of resistor R8. A 10k resistor will 
give a ten fold increase in gain. Changing 
the values the other way will give gain 
reductions. 

The input impedances of the “flat” chan- 
nel are set by resistors R7 and R2. These 
may be changed to anything between zero 
and 2M2 without altering the gain of IC1. 
The value of resistor R6 will need to be 
reduced, if very low (below 4k7) input 
impedances are required, the potential di- 
vider effect of R2 and R7 must be taken into 
account when the input is connected via R2. 
There is plenty of room for experiment with 
these values for specific applications with- 
out any problems of stability or noise, so the 
user is encouraged to make what adjust- 
ments seem desirable. 

No matter what the final use is, the 
amplifier will soon become an indispensible 
piece of equipment, much sought after by 
friends. So take good care of it! O 
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UNIVERSAL NICAD 
CHARGER £6.95 


WITH 4 RECHARGEABLE AA/HP7 
CELLS (TESTED & GUARANTEED) 
@ CHARGES ANY COMBINATION 
PP3, AA, C & DCELLS 





NICADS 
4 for £2 or 10 for £4.50 


BUTTON BATTERIES 
AG3 = 7-87 x 3-6mm 
AG10 11-58 x 3mm 
AG12 11-58 x 4-2mm 
AG13 11-58 x 5-4mm 

4 for £1.60 or 10 for £3. 


SEALED LEAD ACID RECHARGEABLE 
BATTERY 


ETCH RESIST PENS by STAEDTLER. 
Fine tip 75p each or 2 for £1.20 


MINI-DRILL AND PRECISION TOOLS 
COMPLETE KIT—MAXICRAFT 


polishers 


DIGITAL VOLTMETER MODULE 


% High accuracy 
+01% + 1 digit 
A %& Single supply 
7-12V 
-4 ¥% Reads —99mV 
to 999mV 
easily extended 
% Large Bright 0.43” LED 
Displays 


TEMPERATURE MEASUREMENT 
KIT DT10 


effective module which, when 

constructed, provides a linear output 

of 10mV per C over the temperature 

range 10C to 100C The unit is 

ideal for use in conjunction with the 

above DVM module, providing an 

accurate digital thermometer suitable for a 
wide range of applications 


A simple though 


This tried and tested Digital Voltmeter 
module is suitable for use in a wide 
range of test equipment. Supplied with 
full details to easily extend the basic 
range, measure current resistance 
and temperature, the module is fully 
guaranteed and has been supplied to 
Electricity Authorities, Government 
Departments, etc. 


DUAL POWER SUPPLY 
PS209 


This fully-built mains 
power supply provides 
two 9V stabilised outputs 
up to 250mA each. The unit 
is ideally suited for use with 
the Digital Voltmeter and the 
Temperature Measurement 
unit DT10 


6V 2-6A/Hr 132 x 60 x 32mm £9.95 

12V 2-6A/Hr £18.00 

ON/OFF OPTO-ISOLATOR 20 Milli-second 
response. 6V 60mA lamp & cadmium photo- 
resistor housed in small metal can for PCB 


& drills, 

chuck & : 

collets OES 

42W, 18000 rpm, 9-16V, 1-5A. For model 
makers, engravers and electronic enthusiasts. In 


AL 1030 AL 12580 


mounting. Will drive medium current relay. | Purpose made palette. 
£1.20 each or 5 for £5. £18.50 


ULTRASONIC TRANSDUCERS | NEON VOLTAGE TESTER/SCREWDRIVER 
40kHz Matched pairs, transmitter/receiver. Per | 5p 


pair £4.20. 


BUZZER AND FLASHING LED ALARM 12V 
housed in neat box with reset button. Used in 
car for belt-up or trafficator reminder etc, or 
anywhere a resettable alarm is required. High 
a trigger possible. £1.90 each or 5 


MAXICRAFT SOLDERING IRON 10 
watt/12V ac/dc iron, specifically designed for 
fine circuit work and is capable of minimal use 
on average sized PCBs. The fine bit enables the 
user to delve into the most delicate of areas. 
£4.50. Replacement hits 70p each. 


TUNGSTEN CARBIDE BITS 1mm ideal for 
lass fibre PCBs ( shanks) £1.20 each or 5 
or £5. Pack of 10 in case £8.95. 


SLOTTED OPTO-SWITCH 

RS306-061 Infra-red source & sensor housed 
in slotted moulding. The 3-8mm slot permits 
: beam to be broken, e.g. switching, counti 
Book ‘How to Desiqn & tape detection. Readily interfaced with TTL 
Make Your Own PCBs’ £1.95 circuits. £1.90 each or 5 for £8. 


ADD 80p p&p—GOODS SENT RETURN POST 


CROYDON DISCOUNT ELECTRONICS 
40 Lower Addiscombe Road, Croydon CRO 6AA. Tel. 01-68 


PCB KIT £5.95 

4 pieces copper 

. clad, circuit 
x etchant, 2 pens, 
4 different 

sheet transfers, 
plastic tray 

& instructions. 


38 295 





Low cost general purpose 
10W 80hm module, 
supply voltage range 
18—30V. 


AL 2550 


Compact 25W 80hm module 
for domestic applications 
with a distortion figure of 
.06% operating voltage 
range 28—50V. 


A quality stereo 
pre-amplifier and 
tone control unit 
suitable for driving any of 
the above amplifiers. Operates 
from a supply rail of 40-70V 


(Ol col-tam ohvam oles) omelcel:] ame) Mm olilelil-) 
Add 15% VAT to U.K. orders 
add 75p post & packing. 
Export orders — post & packing 
at cost 


PREAMPLIFIER MODULES 


MM 100G as MM 100 with Guitar - 


RISCOMP 
nn LIMITED 


Arugged top of the range 
module providing 
Output powers of 
up to 125 W 
into 4ohms 
which employs 
heavy duty output 
transistors to ensure 
a stable and reliable 
performance. Currently 
used in disco units, public 
address'systems, juke boxes 
and even domestic Hi-Fi 


MM 100 


3 input 


mixer featuring 


individual level 
controls, master 


volume, treble & base 


controls with inputs for 


microphone, magnetic pick-up 


and tape or second pick-up 
(selectable). Operates from 45—70V. 


1 mic input 


Dept. EE60, 

51 Poppy Road, 
Princes Risborough, 
Bucks HP17 SDB. 
Princes Risborough 
(084 44) 6326 





All modules are supplied with in line connectors but require potentionmeters, 
switches, etc. If used with our power amps they are powered from the 


appropriate Power Supply. 
Type Application 


MonoPreAmp 
Stereo Pre-Ar.ip 


Full Hi 
Full Hi 


Functions 


Fi facilities 
Fi facilities 


— we ae 


Guitar Pre-Amp Two Guitars plus Microphone.£14-45 
Stereo Pre-Amp AsHY66lesstonecontrols ....... £13-45 
NEW! HY83 Guitar and Special Effects Pre-Amp as HY 73 Plus Overdrive and 
Reverb £18-95 
MOUNTING BOARDS: For ease of construction we recommend the B6 


THE SPECIAL DISTRIBUTOR FOR SPECIAL AMPLIFIERS 


ILP have long been recognised as manufacturers of top quality 
amplifiers. 

All ILP products are built to extremely high specification for the 
ultimate in hi-fi performance. They're unique in being completely 
encapsulated with integral heatsinks, and can bolt straight onto the 
chassis. They’re also extremely robust, ensuring high levels of reliability 
as well as performance. 

ILP Amplifiers are now available through Jaytee. The UK Distributor 
with the availability and service to match the quality of the amplifiers. 


POWER BOOSTER AMPLIFIERS 

The C15 and C1515 are power booster amplifiers designed to increase 

ee output of your exisiting car radio or cassette payee to 15 watt rms. 
15 10.65 


FOR FREE DATA PACK PLEASE 
WRITE TO OUR SALES DEPT. 


ILP LOUDSPEAKER 
350 watt rms 
12 inches 


20 Hz to 5 KHz 
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for HY6 £0-95. B66 for HY66-83 £1-45. 


MOSFET MODULES 
Ideal for Disco's, public address and 
applications with complex loads (line MO 


transformers etc.). Integral Heatsink MO 
slew rate 20v/us distortion less than 0.01% MO 


BIPOLAR MODULES 


ideal for Hi Fi, Full load protection 
integral Heatsink, slew rate 15v/yus 
Output Load 


Power impedence 
Watts (rms) Q 


Price 


Distortion less than 0.01% 


Jaytee Electronic Services, 143 
Herne Bay, Kent CT6 6PL Telephone: (0227) 375254 


All Prices include VAT, Post & Packing 


Type 


Load 
Impedence 
Q 


Output Price 
Power 
Watts (rms) 

$128 

$248 


S364 


POWER SUPPLY UNIT 


For Use With 
PRE AMP 


All the above are for 240v operation 


Reculver Road, Beltinge, 
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E ROBOTICS. 


$ THE autumn term began a group 


a fourth year pupils at a North Wales 


‘secondary school began a course which 
will lead them to their taking the only GCSE 
examination in robotics in this country. 
They are the third group to begin the 
course but the first to be working with the 
experience of a two-year course at the 
school having been completed. 

Two years ago children at St Richard 
Gwyn High School, Fflint, Clwyd, began a 
pilot course for the examination. Last 
summer saw 26 children receiving the 
results of their efforts. 

The course was judged a success and 
will be continued. However, it had already 
been hailed as a worthwhile addition to the 
curriculum by the many schools which 
took an interest in its development, with 
one school having started its own course 
this year and others about to follow. Local 
industrialists who took children on place- 
ment were impressed by their develop- 
ment and abilities. 

And it may have contributed to the 
person behind the course, Alex Whittaker, 
the school’s director of microtechnology, 
being appointed adviser for microelectro- 
nics, information technology and compu- 
ter education for Cheshire County Educa- 
tion Authority. 

Whittaker also thought it had been suc- 
cessful in being able to remain close to his 
original intentions. He said soon after the 
pilot had begun that he wanted it to be, 
what he called, a real robotics syllabus 
which would allow the maintenance of 
intellectual honesty while giving valuable 
instruction which ‘would enhance the 
pupils’ employment prospects. 

‘| think we achieved that. What was 
particularly pleasing for me was that the 
results covered the whole range of ability, 
and didn’t concentrate on the elite, and 
that when they went on their placements 
the children had the confidence to tackle all 
sorts of tasks,’’ said Whittaker. 

In writing the original syllabus these 
intentions led to the setting down of a 
number of criteria. These were the deve- 
lopment of personal skills, work exper- 
ience, project management, counselling 
and guidance, profiling a way of assessing 
a pupil's performance, tied to continuous 
assessment, and recognised certification 
at national level. 

In practice that means the pupils re- 
search, specify, design, prototype, manu- 
facture, document, test, modify, program 
-and market various robotic devices. In 
addition they learn about the history and 
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INITIATIVE 


The projects completed this year inclu- 
ded a flexible robot distribution system 
which sorted components and transpor- 
ted them by a monorail system to a variety 
of locations and, ona simpler scale, a shaft 
encoder system. 

However, where the children were said 
to have shown the greatest initiative was 
in the documentation. 

‘‘They had to word process all their 
information and some of the results have 
been absolutely superb,’’ said Whittaker. 
‘One pupil even generated computer 
graphics to illustrate the work, which takes 
a lot of effort.”’ 

He added that the robotics pupils were 
getting more keyboard work experience 
than the children doing computer studies 
and that the effect on their use of English 
was far greater than would normally be 
expected from a technical course. 

The result of following these aims was a 
lot of hard work for both the children and 
the staff and an approach which allowed 
total flexibility to allow the children to work 
in ways which suited them best. 

“We did not just set the tasks and 
expect these children to produce the work. 
We encouraged them to go through the 
course themselves with us so that adjust- 
ments might be made.” 

The staff, in association with the exam- 
ining board, were constantly looking for 
ways in which the course could be im- 
proved. Mostly it was fine tuning but one 
major change was made in the marking 
system, giving more value to the quality of 
the final presentation of the 
documentation. 


MONEY 


Although his school does have some 
facilities not available to others Whittacker 
does not think that a great deal of money 
would have to be spent to provide a similar 
course. ‘‘Most schools would already have 
much of the necessary expertise and 
equipment, which is why they write to us 
and visit us, not because they want to 
spend vast amounts of money.’ 

He based his view on the realisation that 
robotics was not so much a new subject 
as acollection of old ideas put together ina 
different way. When he was setting up the 
course he looked at the existing staff and 
found, in common with many comprehen- 
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| others do not have readily available. It is a 


school which encourages the develop- 
ment of technological subjects and was 
receptive to Whittaker’s ideas. It is also 
part of the Government's Technical and 
Vocational Educational Initiative giving it 
sufficient funds to equip fully a purpose- 
built laboratory with generous support 
from robotics suppliers such as Commo- 
tion and Greenweld. 










TURTLE 


The facilities allowed an interest to de- 
velop among the pupils who were soon 
designing and building their own turtles, 
even doing their own printing and etching 
of circuit boards. This was done out of 
school hours, during lunchtimes and after 
school. They became so proficient that 
other schools were demanding their prod- 
ucts, including a turtle called Gwynbach 
which can now be found in every Clwyd 
secondary school. 

The turtle has since been developed into 
the successful Trekker which is now built 
by Clwyd Technics and with which the 
school has a close relationship. 

A further factor was the local examina- 
tion board, the Welsh Joint Education 
Committee which was willing to consider 
being the examining body and took a keen 
interest in the initial development of the 
course and how it worked in practice. 

Finally there is Whittaker himself. As he 
said when the course was being set up, he 
had often been encouraged to do some- 
thing about the teaching of new tech- 
nology and he had always been able to 
blame lack of resources. At St Richard 
Gwyn he had the resources and no more 
excuses. He tackled the challenge with 
enthusiasm, an enthusiasm which has not 
waned. 


FUTURE 


For the future there is much to be done 
which has grown out of the course. The 
school has a number of research projects 
with industry. Trekker, which at present is 
available for the BBC B is being adapted for 
Commodore machines and into Danish, 
and Whittaker is working on an ‘A’ level in 


information technology and business 
management. 
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See Page 546 









A AN inveterate experimenter, I 
occasionally come across some 
circuit configuration that, while sim- 
ple, is very useful indeed. In this 
article, I want to take a look at one such 
circuit—the differential, or difference 
amplifier. Let’s begin with what such a 
circuit does. For once, the name is very 
descriptive; it is an amplifier that 
amplifies the difference in the voltage 
applied to its two inputs. This is shown 
in Fig. 1. 





Fig. 1. Basis of the differential amplifier. 


The circuit is thus useful for detect- 
ing small changes in voltage that may 
be superimposed on a larger voltage 
that is common to both input termi- 
nals. Well, what is in this black box? In 
the past, it would have been a fairly 
messy arrangement involving several 
transistors. But today, with operation- 
al amplifiers, we can put a difference 
amplifier together with one chip and 
four resistors! Fig. 2 shows the basic 
configuration for a differential 
amplifier. 





Fig. 2. Basic configuration. 


The output voltage would ideally be 
related to the two input voltages by the 
relationship: 
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(where R1 = R2 and R3 = R4). 


Note that I said ideally. However, 
reality takes over and there is a further 
parameter that describes the behaviour 
of a differential amplifier. This is 
called, wait for it, the common mode 
rejection ratio, or CMRR for short. 


CMRR 


From the above equation, it follows 
that V, = OV and V, = 0-001, and V, = 
10-0V and V, = 10:001V should both 
give the same output voltage. After all, 
the differences between each pair of 
voltages are the same, 0-001 volts. Ina 
real amplifier, this isn’t so. The two 
“common mode” voltages, OV and 
10V, are never totally ignored in real 
difference amplifiers. The common 
mode voltage affects the output by 
different amounts for different ampli- 
fiers. Part of this problem is caused by 
mismatches in the values of R1 and R2 
and R3 and R4, but other causes 
include the manufacturing tolerances 
of the amplifier. 

The better the amplifier, of course, 
the less effect the common mode volt- 
ages will have on the output. A mea- 
sure of this is the CMRR, which 
measures how much the circuit “‘ig- 
nores” the common mode voltages. 
This is quoted in dB, the higher the 
figure the better the CMRR. CMRR 
varies with both the size of the com- 
mon mode voltage and its frequency. 


PRACTICAL — - 
DEMONSTRATION 


For a practical demonstration, try 
the circuit in Fig. 3. This allows us to 





Fig. 3. Practical circuit. 


measure the output voltage from a 
difference amplifier whose input ter- 
minals are at the same voltage. You 
will see that the effect on the output 
voltage is not very high, but it can be 
annoying in some situations. The gain 
of the circuit shown is 47. I measured 
output voltages of between 0-2 and 0-4 
for different 741 op. amps. in the same 
circuit. The output voltage also in- 
creased with increasing input voltage. 

Such a circuit is very useful in that it 
allows you to choose values of R1, R2, 
R3 and R4 that are accurately 
matched. The experiments that I car- 
ried out were done with five per cent 
tolerance resistors; for accurate work, 
0-1 per cent devices are often used. But 
as we haven’t got big budgets, a trial 
and error matching process with a 
circuit like this will often produce 
closely matched components. The aim, 
of course, is for as low an output 
voltage as possible. 

In some circuits, R4 often has a 
trimmer in series with it so that a fine 
adjustment of the CMRR of the ampli- 
fier as a whole can be made. The fact 
that good CMRR from such a circuit 
relies on R4 and R3 being closely 
matched in value means that the usual 
method of varying the gain of an op. 
amp. based amplifier, altering the val- 
ue of the feedback resistor between 
inverting input and output, cannot be 
used here. If it were, varying the gain 
would vary the CMRR of the circuit 
unless we also varied the value of R4. 
Not exactly convenient, so the usual 
trick is to make the differential ampli- 
fier with a fixed gain, and follow it with 
a conventional inverting amplifier 
with variable gain. Such a circuit is 
shown in Fig. 4. Here, the following 
relationship exists between input and 
output voltages. 


_y_» (VR1 + R2) 
in R] 


In fact, in some situations, where a 
high CMRR is more important than 
gain, the differential amplifier is made 
with four resistors of the same value. 
This gives a gain of one, but it is easier 
to match all the resistors from a single 
large batch. In this situation, an ampli- 
fier such as that in Fig. 4 might well 
provide all the gain. 


Vout = 
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Fig. 4. Inverting amplifier with variable 
gain. 


As to actually selecting values for the 
resistors, select RI and R2 so that they 
are higher than the impedance of the 
voltage sources providing the inputs. 
Once this has been done, R3 can be 
selected to set the gain, and R4 = R3. 
Having said that, though, Rl and R2 
can be chosen to be as high as possible 
so as to provide a high input imped- 
ance for the amplifier. If you do this, 
then the chances are that the gain of the 
differential amplifier will not be all 
that high, as you will then have to find 
a correspondingly large pair of resis- 
tors for R3 and R4. However, further 
gain can be easily provided, as we’ve 
already seen. | 

As toa choice of operational amplifi- 
er, the 741 is as good as any for starting 
your experiments. One reason for this 
is that it is “well behaved’’; high gain 
amplifiers of any type will occasionally 
“take off’ into spontaneous oscilla- 
tion. This is still possible with the 741 
but less likely. If I get this problem, I 
often limit the gain of that particular 
amplifier to a level at which stability 
can be maintained. If you want to try 
other operational amplifiers, the 
TLO72 is quite nice, as is the LM324. 
As to practical applications, well... 
use your imagination. But to start you 
off, here are some simple circuits. 


SOUND OPERATED SWITCH 


A simple sound operated switch cir- 
cuit is shown in Fig. 5. This will 





| 


Fig. 5. Simple sound operated switch. 
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respond to claps, telephone ringing, 
etc. It is especially sensitive in the 
range 3-4kHz. The input device is a 
piezoelectric insert from Tandy (Part 
Number 273-069) which was original- 
ly intended to be an output “bleeper”’ 
driven by a 3-4kHz square wave. 
However, when sound impinges on it a 


voltage is developed across its termi- 


nals, which we can then amplify. The 
input voltage is fairly large, so I haven’t 
bothered with accurately matching the 
input impedance of the amplifier to 
that of the insert. Any sound will cause 
the l.e.d. to flicker, and the addition of 
a Schmitt Trigger device will allow a 
logic signal suitable for TTL or CMOS 
logic circuitry to be obtained. 

The insert could be mounted at the 
end of a long run of cable, any mains 
hum being rejected by the CMRR of 
the amplifier. One subtle point to note 
here is that the voltage must be identi- 
cal in both input leads for it to be 
rejected. If you run the leads to the 
insert by different routes, then each 
lead will be subject to different 
amounts of mains interference which 
will cause different amounts of voltage 
to be induced in each lead. This will 
lead to some mains interference getting 
through. Thus the cables to the insert 
should follow the same route. 


PHOTODIODE AMPLIFIER 


There are a variety of devices, such 
as the photodiode, that are voltage 
sources capable of producing a very 
small current. Fig. 6 shows a circuit 





Fig. 6. Measuring photodiode voltage. 


with a gain of | that allows the voltage 
produced by the photodiode to be 


measured on a meter. The voltage 


output depends upon the incident 
light, but will be in the 0 to 0:25V 
range. 


INSTRUMENTATION | 
AMPLIFIER 


We have already said that the input 
impedance of the differential amplifier 
should be higher than the impedance 
of the voltage source that is driving the 
inputs. So, if we want a general pur- 
pose differential amplifier, we should 
try and get as high an input impedance 
as possible. Such a circuit is often used 


in scientific instruments, and so is 





Fig. 7(a). Instrumentation amplifier. 





Fig. 7(b). Instrumentation amplifier with 
variable gain. 


often called the instrumentation amp- 
lifier. Fig. 7 shows two possible ar- 
rangements of this circuit. 

Of these two circuits, Figure 7(b) is 
the best, offering variable gain and 
requiring no great matching of R, and 
Ry. In these circuits, the CMRR of the 
amplifier is provided by IC1 and IC2. 
These two amplifiers also provide a 
very high input impedance, making the 
circuit useful with a variety of voltage 
sources. In each of these circuits, R4 
can be replaced with an arrangement 
like that in Fig. 8. Assume that R4 is to 





Fig. 8. Arrangement to replace R4 in Figs. 
7(a) and 7(b). 
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be a IM resistor. The trimmer allows 
the value of ““R4” to be varied between 
995k and 1005k, thus allowing adjust- 
ment of the CMRR of the circuit. 

The measurements made with in- 
strumentation amplifiers are often in 
the low frequency part of the spectrum. 
For this reason, capacitors are often 
used to provide what is called “high 
frequency roll off’, which is a reduc- 
tion in the gain of an amplifier with 
increasing frequency. Fig. 9 shows a 
typical arrangement of capacitors to 
limit the high frequency response of 
the circuit. The values of Cl, C2, C3 
and C4 are chosen to suit the maxi- 
mum frequency that the amplifier is 
designed to be used with. The value of 
these capacitors should decrease with 
increasing frequency. The capacitors 
are especially valuable in limiting the 
response of instrumentation amplifiers 
to low frequency radio signals, such as 
Radio 4 on 200kHz. 

If you want an instrumentation 





Fig. 9. Circuit with high frequency roll off. 





Fig. 10. D.C. blocking circuit. 


amplifier with a very high input im- 
pedance, then FET operational ampli- 
fiers can be used, such as the TLO72. 


AC DIFFERENTIAL AMPLIFIER 


It’s possible that the signal of inter- 
est might be superimposed on a fixed 
difference voltage. For example, a 
fixed difference of 100mV on top of 
which there is a 2—3mV a.c. signal that 
we are interested in. The simple way 


around this is to “block” the d.c. signal 


with capacitors. This gives us the cir- 
cuit in Fig. 10. 

The gain of such a circuit is now 
dependant upon the values of input 


capacitor, input resistor and feedback | 


resistor R3. At a given frequency, the 
input capacitor will have a certain 
impedance, or “‘a.c. resistance’. Thus 
the output voltage of the circuit is 
related to the input voltage by the 
expression. 


_p.«__ R3 
'™ RI + (1/2*2*f*C1) 


where f is the frequency of operation. 
The gain of the amplifier will thus 
fluctuate with frequency, and the input 
capacitors can thus also be used to 
limit the frequency response of the 
amplifier. 

If you experiment with these cir- 
cuits, whether differential amplifiers 


Vout ss 





or instrumentation amplifiers, then the 
following points may be useful to you. 


PRACTICAL POINTERS 


1. Choose a “‘well behaved”’ amplifier, 
such as the 741 when you start 
experimenting. | 
2. For accurate work, matched resis- 
tors are needed. 

3. For high gain amplifiers, clean cir- 
cuit boards are next to godliness! Don’t 
leave soldering flux, pencil lines or 
finger prints around the wiring side of 
the p.c.b. or Veroboard. Also, ensure 
good soldered connections. Any of 
these problems could lead to radical 
alterations in the gain of the amplifier. 
4. There is no point in introducing 
hum into the circuit via the power lines 
if you’ve gone to the trouble of produc- 
ing a circuit that has low CMRR. 
Batteries are thus preferable in situa- 
tions with noisy mains. 

5. If batteries are used, take care when 
they run down. Low batteries can lead 
to rather mysterious problems, such as 
violent oscillation. 

6. For a.c. differential amplifiers, the 
input capacitors should have matched 
values of capacitance, but remember 
that the tolerance of capacitors is often 
quite large. 

7. Fig. 11 shows the pinouts of some 
suitable op.amps. for experimenting. L] 


Fig. 11. Pin outs of some amplifiers suitable for experimenting. 





THREE INTO ONE WILL GO— WITH THE GROTECH 3132 
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1 SCOPE: 
DC — 20MHz Bandwidth 
2mV/div Sensitvity 
40ns — 0.2s/div Sweep 
14 Trigger Functions 


 & frame. 
3 Triple Output DC Source 
+5V (1A); —ve grounded 


Including active TV trigger on line 





2 +12V (200mA) Common Floating 


Crotech instruments Limited "= 


3 2 Stephenson Road, St. Ives, Huntingdon, Cambs. PE17 4W4J 
Telephone: (0480) 301818 


2 Active Component Comparator 


(for checking Transistors, diodes and 
I.C.’s etc) 
Test Voltage: 8.6Vrms (28mA) 


All for the price of a scope at 
< £285* 


*(Excluding Delivery and VAT) 
/ Correct at time of going to press 


Also available from Audio Electronics & Henry's 
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WINNING 
IDEAS 


Finalists in BT’s annual “New Ideas Competition” produced 
ideas to improve service and maintenance. A special award 
went to the designer of a telephone aid which allows customers 
with a speech impairment to make calls. 

The New Ideas Competition is the culmination of British 
Telecom’s continuing Awards for Suggestions Scheme. Ideas 
adopted through the scheme during the year automatically go 
forward for consideration in the annual competition. Of several 
hundred original entries, nine reached the final. 

First place and £2000 went to a team from Nottingham who 
devised an automatic network analyser (ANA) which generates test 
calls, plots the path of each call and alerts staff to potential faults 
developing. The team was made up of Geoff Wesson, an assistant 
executive engineer, and technical officers Tom Henson, Joe 
Oskiewicz and Ian Rollinson. 

Second place in the competition went to Jim Harrison, a 
technical officer from Bristol, for his idea to modify an exchange 
processor programme resulting in speedier testing and allowing 
more lines to be tested. He won £1000. 

Keith Beddoe, a technical officer from Southampton, won third 
place for a microprocessor-based monitoring system for the tariff 
pulses generated within a telephone exchange. He won £500. 

A special award of £1500 was made to Ernie Huggins, winner of 
last year’s competition, for his invention ‘“‘Claudivs Converse’. This 
is an aid which allows speech impaired customers to use the 
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The winning team, from left to right, Joe Oskiewiez, Tom Henson, Ian Rollinson 
and Geoff Wesson. Their idea for an automatic network analyser won them £500 


telephone. 


Automatic Network 
Analyser 

The Automatic Network An- 
alyser (ANA) is a centralised 
callsending unit which uses the 
latest technology to make a 
balanced programme of test 
calls. When a deterioration is 
detected, the local exchange 
maintenance staff are allerted. 
They then investigate the situ- 
ation, using hold and trace call- 
senders, thus taking the fault 
out of service as soon as 
possible. 

The system has 17 proces- 
sor-controlled callsenders 
each with 2 channels. Each of 
the 32 channels have a call- 
sending programme and pro- 
duce a set of results. It allows 
one man, familiar with the area 
and its local routes, to monitor 
32 exchanges. 


Claudivs Converse 

Ernie's invention, called 
Claudivs Converse, can either 
be connected to a telephone 
line or used on its own to 
broadcast words, sentences, 
or mesages through its 
loudspeaker. 

It offers a combination of 
words giving access. to a total 
of 64 possible phrases. In addi- 
tion, there are four red emer- 
gency buttons to enable the 
user quickly to telephone the 
fire, police or ambulance ser- 
vices, automatically giving the 
caller's home address. 

Phrases are recorded for the 
customer and then transferred 
digitally on to a speech synthe- 
sis microchip which is later 
installed into the unit. Male or 
female voices can be repro- 
duced, in any language. 


SUPERCHANNEL 


Superchannel and Music Box have finally agreed the terms 
under which they will jointly operate a European satellite TV 
service. The service is expected to be operational in the autumn 
and will be called Superchannel. 


One of the hurdles the new satellite station will have to 
overcome is the question of transmitting the service within the UK 
on cable networks. IBA permission is needed for this and 
Superchannel are fairly confident that this will be granted. 

The company will be owned by a consortium made up of ITV 
contractors and The Virgin Group. Thames TV has taken an 
option to join the group by the end of the year. 
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Thanks to Claudivs 
Converse, Beattie 
Brooks can speak to 
friends .again for 
the first time since 
having an opera- 
tion to remove her 
larynx two years 
ago. 

“This machine is 
a bit of a miracle, 
it has given me 
a ‘voice’ again,’’ 
Beattie scribbles on 
the notepad she 
keeps beside her 
machine. 








tie 


A special award of £1,500 went to Ernie Huggins, the designer of an aid which 
enables speech impaired people to communicate over the phone. 
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by Mike Tooley a 





Plan your own 
escape from 

the limitations of 
the Spectrum 


AST month we looked. briefly at the two 
types of RAM device used in the Spec- 
trum and dealt with the construction of a 
“custom designed” joystick. This month we 
show how it 1s possible to overcome one of 
the Spectrum’s most severe limita- 
tions—the lack of an effective “‘escape”’ key! 
First, however, we start with something for 
all you budding programmers... 


BASIC 


Long suffering users of the Spectrum fall 
into two quite distinct camps; they either 
love the Spectrum’s BASIC interpreter or 
they hate it! Regular users of other compu- 
ters, in particular, generally find the Spec- 
trum’s tokenised keyword system extremely 
cumbersome. . 

If, like me, you fall into the “hate” rather 
than the “love”? camp, there’s no need to 
despair any longer since help is at hand in 
the form of several BASIC extensions, 
which not only provide a host of extra 
commands but also free the user from the 
awkward keyword system. 

In the next three months we shall be 
taking a look at three of the best of these 
programs; BETA BASIC, MEGA BASIC 
~ and LASER BASIC. 


BETA BASIC 


BETA BASIC is produced by Beta Soft © 


and comprises an 18K extension to Spec- 
trum BASIC. RAMTOP is lowered to 
47270 and this leaves the user with approxi- 
mately 23K of memory. The program is 
supplied on tape and takes approximately 
2 minutes to load. Transfer to microdrive is, 
however, extremely straightforward and, 
following the instructions supplied, only 
requires a few minor changes to the 
program. 

Surprisingly, and unlike some other en- 
hanced BASIC interpreters, there is little 
outward difference when BETA BASIC is 
initially loaded. The user is confronted with 
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the same screen layout complete with flash- 
ing cursor in the bottom left hand corner of 
the screen. This, however, belies the under- 
lying power of the program which, to 
gladden the hearts of all those advocates of 
“structured programming’’, provides a very 
comprehensive range of control structures. 
These include procedures (using DEF 
PROC and END PROC), DO WHILE, 
LOOP WHILE, DO UNTIL, and LOOP 
UNTIL. 

BETA BASIC allows the user to choose 
between the normal Sinclair BASIC 
keyword entry system and conventional key 
entry (i.e. spelling everything out in full). If 
that is not enough, you even have the option 
of mixing the two systems! If, for example, 
you can remember where a _ particular 
keyword is, simply force ““K-mode” and use 
a single keypress. If, on the other hand, you 
cannot immediately locate the keyword, 
just spell it out in full. Nothing could be 
neater nor more elegant than this! 


Neat Line 


Another nice feature of BETA BASIC is 
that it is possible to produce very much 
neater listings. Lines that are longer than 
One screen width are indented so that only 
line numbers occupy the first four columns 
on the left hand side of the screen. This 
vastly aids program readability! However, 
not content with this, BETA BASIC goes 
even further and provides no less than six 
variations of list format, including options 
which indent FOR NEXT loops and omit 
line numbers. 

It also provides a WINDOW command 
which allows users to set up separate areas 
of the screen to which it is possible to LIST 
and PRINT. Furthermore, each window 
has its own print position, attributes, INK 
and PAPER colours, and character size. 
This makes for some very interesting and 


impressive effects which are more akin to 
machines like the Macintosh, QL, and Atari 
Di: 

The character size command, CSIZE, 
permits the user of a large range of character 
sizes limited only by the resolution of the 
video display. On test, 85 characters per 
line was found to be a reasonable limit for a 
good quality colour monitor whilst the limit 
for a normal colour TV was found to be 64 
characters per line. The smallest number of 
characters per line is just 1; i.e. a single 
character occupying the entire screen! 

The enhanced editing, automatic line 

number generation, trace, search and 
change, and re-numbering facilities all help 
to simplify the programmer’s task. How- 
ever, unlike the two other BASIC enhance- 
ments tested, BETA BASIC does not incor- 
porate a sprite facility. Whilst this might 
not handicap those who are developing 
applications in the engineering/scientific 
fields, it may represent a severe limitation 
to the aspiring games programmer. 
. A 90-page AS size manual is included in 
the BETA BASIC package. This is logically 
presented and contains numerous example 
routines. The manual also describes the 26 
new functions which BETA BASIC adds to 
ZX-BASIC by means of an invisible BASIC 
line 0. 

Overall, BETA BASIC is so powerful that 
it is hard to do justice to it in just a few 
words. It is arguably the best general pur- 
pose ZX-BASIC enhancement to have be- 
come generally available and it can be 
thoroughly recommended. BETA BASIC 
costs £14.95 and is available from Beta Soft 
at Dept EE, 92 Oxford Road, Moseley, 
Birmingham, B13 9SQ. 


Basically Speaking 


Finally, if you are a beginner to BASIC 
and require an effective tutorial, you could 


Fig. 1. Complete circuit diagram of the Escape Interface. 
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COMPONENTS 


Resistors 


All O-25W carbon +5% 


Capacitors 
C1 10n polyester 
10y 16V p.c.b. elec. 
10u 16V p.c.b. elec. 
10n polyester 
22n polyester 


Semiconductors 
Red l.e.d. 
Greenl.e.d. See 


1N4148 
4078B 
4078B 


74LS30 ca 


74LS244 
BC548 page 537 — 





Miscellaneous 

S1 miniature p.c.b. mounting nor- 
mally open push switch. 

14-pin d.i.|. sockets (3 required); 
20-pin d.i.l. socket; O-1” matrix 
Veroboard (or similar) measuring 
approximately 80mm x 80mm; 
28-way open end double-sided 
2:-54mm pitch edge connector 
(e.g. Vero part number 838- 
24826A). 


Approx. cost 
CTUi Te F-Jarer=melal ny, 





£6.50 


do a lot worse than take a look at Jim 
Maitland’s Basically Speaking. This pack- 
age, comprising a book of around 100 pages 
and a cassette tape, provides an informative 
and entertaining introduction to the 
language. 

Divided into twelve sections, Basically 
Speaking deals with such topics as loops, 
string handling, decisions, and random 


numbers and contains five useful appen- 
dices (including one devoted to correct use 
of the keyboard). The book claims to “bring 
programming within everyone’s reach” and 
its friendly and informative approach is 
ideal for the newcomer. 

Exercises (together with answers) are pro- 
vided for the reader and the accompanying 
cassette tape not only saves a great deal of 
typing but also gives a useful starting point 
for further program development. Basically 
Speaking can be obtained from Computer 
Publications at Dept EE, 5 Western Drive, 
Shepperton, Middlesex, TW17 8HJ. 


Escape Interface | 
Regular readers of this column will know 


that, in recent months, we have taken the lid 


off several of the Spectrum’s more useful 
system variables. The addresses of these 
variables (there are over sixty of them!) are 
published in several reference books includ- 
ing the original (and much maligned!) Spec- 
trum Handbook. 

These lists of system variables invariably 
refer to a two byte variable located at 
address 23728 as simply “‘not used”. What 
is not apparent, however, and the reason 
behind this variable’s disuse, is that there is 
a fundamental error in the Spectrum’s 
operating system code. A tiny (just one 
byte) error is responsible for what is argu- 
ably one of the Spectrum’s worst failings 
—the lack of an “escape”’ key. 

If you are still wondering what this is all 
about, consider what happens when a pro- 
gram crashes and the Spectrum just sits 
there ignoring your keyboard input. What 
do you do? The answer, of course, is either 
press the “reset” switch on your Spectrum 
Plus or remove the power connector if you 


_ have an older Spectrum. 


Either way, in order to render the 
machine once more usable, you have had to 
erase your program and data from the 
Spectrum’s memory. Wouldn’t it be nice if 
the Spectrum had an “escape” key which 
would allow you to regain control and drop 
you back into BASIC or wherever, without 
paying such an awesome penalty? Fear not, 
now you can recover from all those annoy- 
ing and time wasting crashes using, guess 
what, our “not used” system variable at 
23728! | 


NMIADD 


The Spectrum, like most microcompu- 
ters, incorporates a “‘non-maskable inter- 
rupt” routine. This allows for interruption. 
of the CPU, regardless of what it is doing, 
whenever the active-low non-maskable in- 
terrupt (NMI) line is activated. If the 
Spectrum’s operating system had been writ- 
ten properly, the user would have been 
provided with the means of inserting the 
start address of his own NMI code by means 
of a vector in RAM using a system variable 
called, not surprisingly, NMIADD. This, of 
course, is the function of the bytes at 23728 
and 23729. 

The programmer unfortunately miscoded 
part of the Spectrum’s NMI routine, which 
starts at 66H, with a relative jump on non- 
zero rather than a jump on zero to address 
70H. The net result of this disastrous error 
is that the Spectrum resets itself whenever 
the NMI line is activated regardless of 
whether, or not, NMIADD actually con- 
tains a valid address. The solution to this 
problem involves changing a JR NZ in-’ 
struction into a JR Z instruction—the diffi- 
culty, of course, is that the code is in ROM 
and therefore unalterable as far as the user 
is concerned! | 

The circuit diagram shown in Fig. 1, 
shows a hardware solution to the problem 
which pages out the ROM whenever the 
CPU attempts to read the memory at the 
offending address. The “‘escape”’ interface 
then provides the correct byte whilst the 
offending one remains out of harm’s way 
inside the ROM. : 


If you have any comments or suggestions, 
please send them to: 
Mike Tooley, 
Department of Technology, 
Brooklands Technical College, 
Heath Road, WEYBRIDGE, 
Surrey, KT13 8TT. 


P.S. Don’t forget to include a large (A4 
size) stamped addressed envelope if you 
would like to receive a copy of our ‘Update’! 


Next month: We shall be taking a look at 
MEGA BASIC and describing the construc- 
tion, testing, and use of the Escape Interface. 


‘See you then! 
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-LEAS- TAKE NOTE 


Page 427, Fig. 1. Note that the 90cm foil “element” is continuous 
and should NOT be broken as shown, see photo. 


A number of readers have queried the occurence of aiden clicks 


These are quite normal and are the natural background events 
detected by the GM tube. With the ZP1310 tube, an average 
occurence of around 2 clicks per minute is to be expected. This is an 


Since they are random events, several clicks may sometimes 
occur close together, others may be spaced by a minute or two. 
Other types of tube, having different sensitivities, will produce a 
different average background detection rate. 

The occurence of these random clicks also serves as another way 
in which the functioning of the unit can be checked. 

Fig. 7, page 405, there should be a link between the two inner tags 
of the “SEC” windings of T1. (Lead marked 7 and the lead which 






























Infra-Red Beam Alarm (September 1986) 
Pages 455 and 457. The diode D5 should be reversed, 1.e. the 
cathode k (marked with a bar) should be connected to TRS base. 








‘Scotlands newest components shop’ 


OMNI ELECTRONICS 


We stock a wide range of components: 


transformers, switches, pots, ICs, capacitors, resistors, 
diodes, boxes, triacs, LEDs, cable, connectors, PCBs— 


in fact, all you need for your projects. 


Send for our 21 page catalogue—2Op + 12p postage or call at 
our shop Mon-Fri 9am—6pm, Sat Vam—5pm. 


174 Dalkeith Road 355s 
EDINBURGH EH16 5DX 
031-667 2611 
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QUANTIZING 


“Quantizing noise’’ is a term which 
crops up from time to time in articles on 
digital systems. In particular, it is used in 
connection with systems such as digital 
recording and digital speech transmission. 

In these and similar systems, what be- 
gins as an analogue signal is converted 
into digital form. Later—after transmis- 
sion, or during playback—it is converted 
back again to analogue form. Quantizing 
noise is the term for the distortions to the 
analogue waveform which result from this 
process. 


VANISHING QUANTITIES 


In view of the frequent claims that digital 
systems eliminate noise and distortion it 
may be surprising to learn that waveform 
distortion is an inevitable consequence of 
the analogue to digital, digital to analogue 
conversion-reconversion process. The 
claim, despite this, is a reasonable one, 
because it is possible to engineer the 
process so that the distortion has no 
perceptible effect. In mathematical ter- 
minology, by good engineering the distor- 
tion can be made vanishingly small. 


GRAININESS 


The way in which waveform distortion 
arises can be seen by looking at a rather 
crude conversion-reconversion process 
(Fig. 1). Here the analogue voltage wave- 
form (a) is a sine wave. The first step in the 
digitization or quantizing process is to 
sample it at regular and frequent intervals. 

The sample amplitudes (b) which result 
are each made to generate a train of pulses 
which form a binary coded number. This 
number corresponds to the amplitude of 
the sample. Thus OOOOOOOO may repre- 
sent an amplitude of zero and 11111111 
the maximum possible amplitude. (Real 
systems may use more than eight digits.) 

The binary coded sample amplitudes are 
transmitted, or recorded, or manipulated 
electronically according to the needs of the 
system. Finally they are converted back 
into analogue voltages (d). 

Each voltage level is held until the next 
arrives. The stepped waveform which re- 
sults can be seen to contain the original 
sine wave, but also a lot of unwanted rapid 
fluctuations at the sampling frequency. 
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In drawing these waveforms I've chosen 
a rather low sampling rate, so that the 
irregularity or graininess of the recovered 
analogue waveform shows up clearly, see 
Fig. 1. If (a) were a 1kHz audio tone in a 
speech or music chain its decoded equiva- 
lent (d) would sound horribly distorted. But 
if the audio frequency were 15kHz the 
distortion would not be apparent to the ear 
because it consists of frequencies too high 
to be heard. The ear, in other words, 
would act as a low-pass filter to remove 
the quantizing noise. 

To make the noise disappear from any 
frequency of interest, such as our 1kHz 
tone, all that needs to be done is to raise 
the sampling frequency. If (e) is a 1kHz 
tone recovered from a system with a high 
sampling rate it is obvious that a low-pass 
filter could remove all the noise. 

A rule of thumb for digital systems like 
this is to make the sampling frequency at 
least twice the highest analogue fre- 
quency. Thus in a digital telephone sys- 
tem, where an audio band of 300—4000Hz 
is good enough, the sampling frequency 
could be 8kHz. For a hi-fi audio system it 
might be 40kHz. For a digital TV system it 
has to be many MHz. 

Since each sample is encoded into many 
binary pulses the bandwidth needed to 


_carry the encoded signal is much greater 


than the sampling frequency. If a digital TV 
signal samples at 12MHz and each sample 
contains 10 pulses then to transmit this 
calls for a bandwidth of the order of 
120MHz. This is the reason why digital TV 
cannot be fitted into the existing TV 
broadcast bands, though it is just possible, 
in’ theory, to use digital audio for TV 
sound. 

In digital audio systems it might seem as 
though a very modest low-pass filter 
would be good enough to eliminate quan- 

















tizing noise, since the sampling frequency 
(for hi-fi sound) is ultrasonic anyway. In 
practice, digital audio systems usually con- 
tain a very good low-pass filter. This is 
needed because, after decoding (recon- 
version) the recovered audio signal will be 
passed through ordinary audio amplifiers. 

No amplifier is perfect, and some degree 
of intermodulation between signals in it is 
inevitable. If significant amounts of the 
sampling frequency and its by-products 
are present they might intermodulate with 
the audio signals and produce audible 
noise. A good filter, placed immediately 
after the decoder, avoids this risk. 


ZERO NOISE? 


Readers may have deduced, from the 
way that the analogue to digital encoding 
system works, that noise might be re- 
duced. There must be some level of vol- 
tage at the analogue input which is so 
small that it fails to change the output from 
00000000 to 00000001. 

In which case, if this very small voltage 
were noise, it would be eliminated. In 
practice, the weakest signals in an audio 
system may be so close to the noise 
voltages that little improvement is 
possible. 

For a full orchestra, the range in level 
from pianissimo to fortissimo is enor- 
mous. If the system is designed to handle 
the fortisssimo passages without over- 
loading then the pianissimo bits are likely - 
to be only moderately over the level of the 
noises present in a record studio, whether 
these emanate from people breathing, the 
air conditioning, transistors in microphone 
amplifiers or whatever. 

What is true of digital systems, how- 
ever, is that once the signals are quantized 
it is easy to ensure that no noise is added 
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Quantizing signals. (a) Analogue signal. (b) Sampled 
amplitudes. (c) Encoded samples. (d) Decoded signal with 
quantizing noise. (e) Decoded but higher sampling rate. 
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by whatever is done to them while in 
digital form. The ordinary noise of a trans- 
mission channel, for instance, should have 
no effect. 

Of course, once reconverted to ana- 
logue form the signals are no longer pro- 
tected and it behoves the designer to 
ensure that his analogue amplifiers are as 
good as possible. 


MAGIC BY NUMBERS 


Perhaps the most spectacular success 
of signal quantizing is to be seen on 
television. Many of the special effects 
used in ‘‘commercials’’ are produced by 
manipulating quantized signals. 

Once a signal exists in the form of 


numbers (which is what quantization 
means), it can be manipulated like 
numbers. Geometrical transformations 
such as generating a mirror image of a TV 
picture are easy. With the right algorithms 
the picture can be wrapped around a 
cylinder or a sphere or distorted in almost 
any way imaginable. 

To make manipulation easy the signals 
for a complete ‘‘frame’’ are stored, after 
encoding, ina ‘‘frame store’’. In this, every 
picture point is represented by a quantized 
signal. They can then be manipulated ad 
infinitum. Contrast can be enhanced or 
reduced. The picture can be expanded (by 
repeating picture-point numbers so that it 
swells beyond the screen) to produce 
zoom effects. 


If entire frames are repeated the speed 
of a moving picture is reduced, giving a 
synthetic slow-motion effect. Carried too 
far this causes jerkiness, but in the latest 
gear each extra frame is the average of the 
preceding and following frames, so that 
the jerks are smoothed out. This facility is 
clearly a great boon to a cartoon animator 
who wants to minimise the number of 
frames which must be created ‘by hand’ 
to make his characters move smoothly. 

The effective noiselessness of quan- 
tized signals means that they can be 
recorded and re-recorded ad lib without 
degradation. A boon to the editor who 
wants to get every frame right before 
adding it to the sequence which forms, 
say, a ten-second commercial. 
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DISCOUNT SCHEME 





Readers—you can obtain a 5% discount on goods from the 
advertisers listed using coupons cut from EE, provided you 
follow the rules below: 


CPL ELECTRONICS 

Kits for Everyday Electronics and Electronics 
Monthly and Practical Wireless projects 
including kits for the ‘‘7each /In"’ series. 
Plus a wide range of competitively priced 
components, hardware, test equipment 
and tools. We can also supply, in many 
cases, ‘one off"’ kits for specific projects. 
Free price lists on request. 


GREENWELD ELECTRONICS LTD. 

A full range of components at our shop in 
Southampton; open 9-5.30 Mon-Sat, as 
well as many surplus lines, all available by 
mail order. Bargain List free with our 
Catalogue. Send for your copy today, only 
£1 inc. post. Now even better value with 
EE Discount Vouchers! 


TK ELECTRONICS stock a wide range of 
components including triacs, ICs & opto 
together with other accessories (switches, 
tools, multimeters, buzzers, crystals, An- 
tex, Velleman and Vero products, etc.). 
We specialise in kits for timers, disco and 
home lighting, remote control kits for 
beginners. Send s.a.e. and 5Op (refun- 
dable on first order) for catalogue. 


OMNI ELECTRONICS are willing to give 
a 5% discount on all orders over £10.00, 
excluding VAT, if a valid voucher is en- 
closed. We stock a wide range of com- 
ponents—ideal for the hobbyist. Goods 
listed in our catalogue are generally in 
stock, orders will be sent by return post. 
Why wait? 


RADIO COMPONENT SPECIALISTS 
Amplifiers—(PA, disco, music), audio 
leads all types, components, capacitors, 
potentiometers, resistors, disco lighting, 
sound to light units, disco decks, disco 
consoles, disco mixers, echo chambers, 
fuzz lights. Multimeters, mains transfor- 
mers, microphones, stands, leads, goose 
necks, speakers with or without cabinets, 
tweeters, mid range units, 100V line 
matching audio transformers, etc. 
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CROTECH’s complete range of single and 
dual trace oscilloscopes along with acces- 
sories is eligible for the discount scheme. 
For orders below £250.00 then one 
voucher is required, on orders above 
£250.00 only two vouchers are required. 
This could mean a saving of over £14.00 
on our 3132 Dual Trace 20MHz scope. 


HENRY’S AUDIO-ELECTRONICS 
Test instruments—for every application. 
Security—alarms, doorphones, intercoms. 


P.A.—amplifiers, speakers, mixers, micro- . 


phones. Computer—drives, programs, 
connectors, leads. Tools—service aids, 
irons, etc. Components—semiconduc- 
tors, all types of components. Acces- 
sories—TV-video, telephone, hi-fi. Com- 
munications—C.B. rigs and accessories. 
New catalogue now available—see 
Henry's advert. 


EE BOOK SERVICE, a 5% discount will be 
given on the total cost—including post- 
age—of all orders that are sent with a 
valid voucher. Our complete list of books 


appears in each issue together with order- — 


ing details. 


E.S.R. ELECTRONIC COMPONENTS 
supplies the full range of Velleman kits 
which include amplifiers, light controllers, 
power supplies, timers and computer in- 
terfaces. To complement these kits E.S.R. 
can offer connectors, switches, control 
knobs and project cases. A range of small 
handtools, soldering irons, test equipment 
and service aids is also available. 


BECKER-PHONOSONICS, established 
1972. Designers and suppliers of a wide 
range of kits for projects published in 
Everyday Electronics and other leading 
periodicals. Range includes musical and 
audio effects, computer controlled circuits 
and Geiger counters. EE discount scheme 
applies to all full kits over £30 goods value, 
excluding Geiger counters. 





1. Discounts are available from adver- 
tisers listed on this page. 

2. Unless otherwise stated by the adver- 
tiser, discounts are only available on 
orders over £20 in value. 

3. Unless otherwise stated by the adver- 
tiser, one voucher is required for each 
£50 value of the order placed (i.e. for 
orders between £20 and £50 send one 
voucher, between £50 and £100 send 
two vouchers, etc.) 

4. Cut out vouchers (not photostats) 
must be sent when claiming the discount. 
5. Each voucher sent must be valid on the 
day of posting (i.e. it cannot be used after 
its expiry date). 

6. Discount is not available on ‘‘sale’’ or 
“special offer’ items. 

7. You must indicate on your order that 
the 5% EE Readers Discount has been 
deducted from the payment sent. 

8. All advertisers reserve the right to 
refuse this discount on any item supplied. 
Discounts will not be given or coupons 
returned if these rules are broken. 





This month's voucher is 
attached to the outside 
of the magazine 
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LETTERS 





Impressions Update 


Sir—| last wrote to you in October ‘85, 
concerning the contents of EE and my 
general impressions. | thought that you 
wouldn't mind an update. 

| have been very pleased with the num- 
ber of test equipment projects since then 
and in your own words “’... those who 
have built them should have a very useful 
Suite of test equipment. . ."’ In the August 
‘86 issue, running through the contents, 
the projects are OK, as usual, but there is 
still this leaning towards computers with 
On Spec being a regular feature. 

Someone was behind me at the check- 
out of the bookshop where | bought EE and 
he said ‘‘Snap, | see you are buying EE 
too—what do you reckon on it this 
month?”’ When | told him that | thought 
there was too much abstract padding and 
waffle, also sections on computers—he 
agreed entirely! 

To continue about the August issue, 
Amateur Radio, these enthusiasts are a 
race apart and have their own magazines. 
BBC Micro, another computer feature! For 
your Entertainment, just a load of waffle 
and not much to do with electronics. And 
then there’s News—what’s happening in 
the world of electronics—it’s nothing of 
the kind is it? 

| wouldn't mind seeing the letters boos- 


ted and encouraged as this could occupy | 


several pages. 

Isn't there an implied smugness about 
assuming that you are giving people the 
magazine that they want when in fact you 
do nothing to find out? What about using 
two pages as a questionnaire referendum 
which could be very illuminating? 

Projects | would like to see are: a sound 
only TV Tuner; an ioniser air rejuvenator; a 
wobbulator and the Oscilloscope that | 
mentioned before. You mentioned in your 
reply last time ‘‘that it is far cheaper to buy 
-a ready made scope than to construct 
one’. You have to be joking! 

The type of scope | have in mind uses a 


3in. to 34in. c.r.t., surplus stock, priced as - 


low as £7 to £10 and the other parts are 
more or less ‘‘common or garden”’ in their 
availability. 

However, despite all this | am a commit- 
ted and regular purchaser and reader but | 
would still like you to consider my 
observations. | 

G. E. Glover, 
Sheffield, 
Yorks. 


All points duly noted. Any further views 
would be appreciated; we are considering a 
readership questionnaire. 


intelligent View 


Sir—I generally glance through your maga- 
zine so that | can take an intelligent (?) 
interest in my husband's hobby, but this 
time you've excelled yourself! 

The Flat TV Aerial by M. James (August 
‘86)—I made it, it works. Please may we 
have more of these so simple projects. 

Betty Mardell (Mrs A.H.), 
Brighton. 
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Astonished 


Sir—l would not normally write a letter 
commenting upon or criticising any mater- 
ial published in EE—after all, who am | to 
pronounce upon fellow contributors—but | 
really must take Robert Penfold to task 
concerning his article Actually Doing It in 
EE&EM August ‘86 issue. 

|! was astonished to read the opening 
paragraphs of the article and really do think 
he is out of touch with the hobby when he 
says that “he knows of no electronic law 
which states that more fun is derived from 
building a well finished project than from 
putting together one with a relatively crude 
appearance “’. 

He further comments upon the current 
‘trend’ of assembling projects to emulate 
professionally-manufactured equipment, 
as though this is a bad thing. 

Naturally there are hobbyists who are 
perfectly happy to throw together a pro- 
ject and build it in whatever is to hand—a 
tobacco tin for example—and they 
couldn't give a hoot what it looks like so 
long as it works. And jolly good luck to 
them. Others may not have all of the 
practical skills of building a neat unit but 
nonetheless the hobby has a lot to offer 
them. 

However, it is the job of EE&EM to set an 
example to its readers, many of whom will 
be novices in the subject, by setting 
standards in constructional and educatio- 
nal articles it publishes, and to suggest 
that there is no more to gain in ‘‘fun’’ by 
making a project look professional is an 
opinion which | would not have associated 
with such a respected technical author. | 

What is NOT apparent in his article—in- 
deed he seems to scoff at the idea—is that 
there /S indeed a good deal of FUN to be 
had by a constructor who, instead of 
throwing a project together, assembes his 
model with great care and workmanship, 
both when etching and soldering a p.c.b. 
and when working on the cabinet or 
housing. Such a constructor will take much 
longer to carefully build his unit bit by bit, 
taking a pride in his work at each and every 
stage, and perhaps spending a few pounds 
more on improving the appearance both 
inside and out. 

He may even go to more elaborate 
lengths (like | do!) to embellish his project 
to set it apart from a mere home-made 
anonymous gadget which does a particular 
job. 

| think that attempting to attain profes- 
sional standards of assembly and appear- 
ance is a target which EE should be 
continuously promoting. It does not cost 
anything to take more care when building a 
unit; the main danger is that the construc- 
tor will rush a job in his enthusiasm to 
finish the gadget and get it up and running. 
The results of being more thorough and 
workmanlike will be evident in the end 
product, and if you can afford better- 
looking parts then so much the better. 

If we were to liken Mr. Penfold’s views 
with, say, d.i.y. woodworking, then he 
would be advocating that it’s perfectly 
alright to build a rickety bookcase, it 
doesn't matter too much what it looks like 
providing it holds the books! 

It simply isn’t on these days to suggest 
that it is acceptable to build an eye-sore 
which will do the job. A magazine such as 
EE&EM should strive to promote the fact 
that the hobby has a great deal to offer in 
terms of the challenge of construction and 
the pride of owning a device which YOU 


built to a professional standard through- 
out. Readers should indeed be encouraged 
to ‘‘make it look good”’ almost as a matter 
of ethics! 

If a reader hasn't the skills, time, pati- 
ence or money to build a high quality unit, 
then fair enough: let’s however continue to 
promote high standards of constructional 
workmanship in every aspect of our 
hobby, so that the novice can achieve 
maximum benefit and enjoyment from it in 
terms of pride in a job well done. Anyone 
making do with a ‘‘hammer and nails-job’’ 
prototype is missing out. 

Incidentally the ‘‘Opto Repeater’’ unit 
illustrated in Mr. Penfold’s article was 
constructed by myself. 

A. R. Winstanley, 
Ulceby, 
South Humberside. 


/ seem to be accused of inciting constructors 
to throw their projects together in a hapha- 
zard way, paying no attention to the appear- 
ance of the finished unit. This was not my 
intention, and on reading through the open- 
ing of the article again | find it difficult to see 
how this interpretation could be put on it. 

The point | was trying to make was simply 
that if you are the type of person who has 
difficulty getting a neat finish on things, or 
you are simply not interested in this aspect, 
then this does not matter in the least and 
don't bother—if this aspect does appeal to 
you then here are some useful tips. In other 
words, | was simply suggesting that readers 
should pursue whatever aspects of the hobby 
they most enjoy and should not feel that they 
are cheating if they largely ignore other 
aspects. 

/t was not my intention to “‘scoff at the 
idea’’ of there being more fun to be had from 
carefully finishing a project, and | would 
certainly encourage constructors to at least 


‘give things such as p.c.b. production and 


front panel finishing a try. Mr. Winstanley 
seems to suggest that everyone, like himself, 
will enjoy electronics as a hobby more if they 
finish every project in a careful and painstak- 
ing manner. 

/ would suggest that it is not true, and that 
there are plenty of people who enjoy putting 
projects together, seeing how they work and 
how well (or otherwise) they work, and then 
put them aside until they are eventually 
plundered for parts for the latest construction 
project. Technology and experimentation are 
surely valid aspects of hobby electronics, and 
/ think that there are many constructors who 
would find some aspects of project construc- 
tion a bit of a chore. 

Mr. Winstanley suggests that EE&EM 
should always promote “‘professional stan- 
dards’, but | would not accept this except 
where safety is involved. We are amateurs 
not professionals, and can have the luxury of 
doing our own thing in our own way If we 
choose. Professionalism requires abilities 
and expense which go beyond what many of 
us can muster, and / can see no point in 
putting people off the hobby by trying to force 
on them a professionalism with which they 
will not be able to cope (which | believe has 
happened to some extent in the past). 

The d.i.y. woodworking analogy strikes 
me as a poor one since woodworking is 
almost totally concerned with practical skills, 
the quality of the finished product, and the 
production of a functional finished article. My 
point is that electronics can be in this 
category, but it need not be. This is up to the 
individual hobbyist.—Robert Penfold. 
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DISCO LIGHTS... 





Te Lapel Badge project was started to 
give a 10 year old something different to 
amaze his friends at the school disco. A row 
of six red l.e.d.s are arranged to be lit in 
order from left to right and then back from 
right to left continually, completing two full 
cycles every second. Each l.e.d. in turn is 
switched on and then switched off followed 
by the next one along the line and so on. 

If the l.e.d.s are switched on and off 
abruptly the display appears to flicker un- 
pleasantly. This is completely eliminated by 
connecting capacitors across the l.e.d.s so 
that each one fades gradually. The result 1s a 
tail of three or four l.e.d.s of decreasing 
brightness which appears to follow the 
leading light. 

Reasonable battery life is achieved by 
the use of a new breed of low current 
l.e.d.s designed to operate at 2mA with 
plenty of brightness. The badge is clearly 
visible in normal daylight and appears to 
be extremely bright at night. 


CIRCUIT DESCRIPTION 


The circuit diagram for the Lapel Badge 
is shown in Fig. 1. There are many ways of 
switching the l.e.d.s in the necessary man- 
ner but this circuit has a certain simplicity 
and cunning which may impress even the 
best engineers. 





MARK STUART 





-LAPEL BADGE ...CHA 


The dual 3-input NOR gate [Cla and 
IClb form a simple two gate oscillator 
which runs at about 16Hz. The inverter 
section of the device is not used in this 
circuit design. 

Very briefly capacitor C1 charges first in 
one direction and then in the other direc- 
tion, via resistor R2, as the outputs of ICla 
and IC1b change state. Oscillation is main- 
tained by positive feedback through resistor 
R1 to the input of ICla, which ensures that 
the output of ICla switches over each time 
the capacitor charges. 

The output from IC1b is a square wave 


which is used to clock the Decade Counter/ | 


Divider, IC2. Ten outputs are available 
from IC2 which change from low to high 
one by one in turn each time the 1.c. receives 
a clock pulse. Only one output can be high 


Fig. 1. Complete circuit diagram for the Lapel Badge. 
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Three projects that will certainly test the creative eye of the experimenter. 
You could even create your own version of “‘Kit’’ of TV Knight Rider fame. 


LAPEL BADGE 





at a time, so on each clock pulse the output 
that was high becomes low as the next 
output changes from low to high and so on. 

If the light emitting diodes were connect- 
ed to all ten outputs and the i.c. clocked, a 
single illuminated l.e.d. would appear to 
move along from left to right. After ten 
pulses the far right l.e.d. would go out and 
the display would appear to jump back to 
the left end as the cycle began to repeat. 

Switching the l.e.d.s from left to right and 
then back from right to left is more compli- 
cated and is achieved by means of the 
diodes D1 to D10. These are connected so 
that the l.e.d.s light in the order shown in 
Table 1. 

Table | shows that above six clock pulses 
the l.e.d.s (D12 to D15) are lit in reverse 
sequence via diodes D9, D7, D5 and D3. 
The two l.e.d.s at the ends of the display are 
lit once each cycle and all the others twice, 
once in one “direction” and then in the 


other. Resistors R4 to R9 limit the current 


Table 1: Display Switching Sequence 


(D11-D16) 
IC IC pin Diode l.e.d. 
count high conducting lit 
0 3 D1 D11 
1 2 D2 D1i2 
2 4 D4 D13 
3 7 D6 D14 
4 10 D8 D15 
5 1 D10 D16 
6 5 DS D115 
7 6 D7 D14 
8 9 D5 D13 
9 11 D3 D1i2 
0 3 D1 D11 
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in each l.e.d. to about 5mA with a fresh 
battery. 

The electrolytic capacitors C2 to C7 
improve the visual effect enormously by 
discharging gradually through the l.e.d.s 
and resistors after the 1.c. output has turned 
off. This gives a slow fade-out to each l.e.d. 
and produces the desired “‘tail” of decaying 
light which appears to follow the leading 
light. As the capacitors are charged directly 
from the outputs of IC2 their charge time is 
relatively short and so each l.e.d. appears to 
turn on instantaneously. | 


CONSTRUCTION 


The circuit for the Lapel Badge is built on 
two printed circuit boards; the main board 
and the display board. These boards are 
available from the EE PCB Service: code 
EE540 and EES41. 

The circuit is built in two parts. The small 
display board carries the six l.e.d.s and is 
connected by a short length of ribbon cable 
to the rest of the circuit which is housed in a 
small plastic box. . 

An area of track on the display board is 
provided so that a small safety pin can be 


soldered on to it to allow the badge to be. 


attached to clothing. The plastic box is 
carried invisibly in a convenient pocket. 
The component layout of the Main Board 
is shown in Fig. 2. To make sure that the 
* battery will fit into the specified case it is 
essential to use modern miniature compon- 
ents in all positions and to mount them as 
close to the board as possible. A socket may 
be used for IC1 if required but not for IC2, 
as it fits underneath the battery. 


COMPONENTS 
LAPEL BADGE 


Resistors 












R1,R2 470k (2 off) 
R3 47k 
R4—-R9 1k (6 off) 






All ;W carbon + 10% 










Capacitors 
C1 100n poly. C368 
100 radial miniature 
elec. 10V (Size 
critical) (7 off) 












Semiconductors 






IC 1 CD4000 Dual 
3-input NOR gate 
+ inverter 

iIC2 CD4017 Decade 






Counter/Divider 






D1-D10 . 1N4148 (10 off) 

D11—D16 MP 6300, high 
efficiency Red l.e.d.s 
(6 off) 


Miscellaneous 
51 S.p.S.t. push- 
| on/push-off switch 
PP3 battery and clips; 7-way rib- 
bon cable; case, 71mm x 46mm 
x 22mm; 14-pin i.c. socket; red 
Perspex, 25mm x 38mm; small 
safety pin; printed circuit boards 
available from the EE PCB Service, 
order code: main board—EE540, 
display board—EE541. 


£9.75 
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Construction is quite straightforward. 
Ensure that the diodes, capacitors and i.c.s 
are all fitted the right way round. The leads 
from C8 should be protected with insulated 
sleeving and left as long as possible. Re- 
member to fit IC! before connecting C8. 

When all components are in place turn 
over the board and crop all the leads as close 
as possible to the tracks to ensure that the 
board can sit as low down in the case as 
possible. 


DISPLAY BOARD 


Turning to the Display Board, the com- 
ponent layout is also given in Fig. 2. The six 
special low current l.e.d.s are fitted so that 
their domed lenses pass from the track side 
of the board into close fitting holes. Their 
two leads are soldered where they lie flat on 
the adjacent copper tracks. Note that the 
polarity is indicated by the thickness of the 
leads, the thick lead being the cathode (k). 
Also take care not to overheat the l.e.d.s 
whilst soldering as the plastic used for all 


N 


Di-D16 | 


l.e.d.s is particularly susceptible to melting 
and causing the leads to come adrift inside. 


INTERWIRING 


Interwiring between the main and display ~ 
boards is also shown in Fig. 2. The neces- 
Sary cross overs in the ribbon cable should 
be made close to the main board inside the 
case. The leads at the badge end are con- 
nected directly to the copper tracks on the 
rear of the board. 

In the prototype a small saddle of sleeved 
wire was soldered over the ribbon cable to 
reduce the stress on the connections. Alter- 
natively a good adhesive may be used. 
There is plenty of room for individual 
interpretation of the badge part of the 
project, but check that it works in standard 
form first before trying anything too clever. 

The connections for the ribbon cable, 
battery and switch leads are made to the 
main board by passing a small stripped 
length of each wire through its hole in the 
top side of the board and soldering to the 
copper track on the underside. 


$1 
ON/OFF 


aff NARROW LEAD 


k WIDE LEAD 





Fig. 2. Component layout for main board, display board and interwiring 
between the two boards. Full size p.c.b. masters are shown below. These 
boards are available from EE PCB Service, code EE540 and EE541. 
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The layout of the parts in the plastic case 
is shown in Fig. 3. As everything is such a 
tight fit there is no need to fix the board or 


battery, but small sticky pads may be used if 


required. A hole must be drilled for S1 anda 
shallow notch cut in the edge of the case so 
that the ribbon cable can pass out under the 
lid. - 


TESTING 


There is very little to be said about testing 
since the circuit is either on or off. The main 
things to check are that the component 


values and polarities are correct and that’ 


there are no errors in the wiring. 

The current consumption is about 15mA 
with a fresh battery. As the battery voltage 
falls the brightness of the l.e.d.s will de- 
crease but the circuit will continue to 
function correctly right down to about SV. 
The current consumption will fall as the 
voltage drops, prolonging the life of the 
battery. 

For special applications the values of 
resistors R4 to R9 can be increased or 
decreased to give a dimmer or brighter 
display. For a very bright display it is 
possible to use two 5mm “ultra-bright” 









Fig. 3. Layout of components inside the small plastic case. 


l.e.d.s in series in each position, set the 
resistor values to 330 ohms, and use a 12V 
supply. / 

The circuit is quite happy up to 18V and 
so can be used in a car without problems. 
Ideally a small resistor (100 ohms) should 
be connected in series with each 
electrolytic capacitor to limit 
the peak current in IC2. 


(right) The completed 
main driver and ' 
switching board. 


(left) The completed 
““padge’’, with safety 


pin. 





The stepping speed is set by R2 and Cl 
either or both of which can be changed as 
required. If a variable speed control is 


| required this can be achieved by replacing 


R2 with a 470k ‘‘reverse’’ log 
potentiometer. CO 












DISCO LIGHTS 


HE EXTENSION of the Lapel Badge circuit 
to give a high power mains voltage 


display is a simple idea. The result when, 


connected to a bank of bulbs arranged in 
rows, crosses, stars or concentric circles is 
very effective indeed. 

Each of the 6 original l.e.d. outputs has 
been adapted to drive a SA special sensitive 
gate triac. Without heatsinking each triac 
will be able to switch banks of small lamps 
totalling over 500 watts. As only one bank is 
switched on at any time the mains supply 
current is not excessive. To enhance the 


range of effects a variable Speed Control has ' 


been added. 


CIRCUIT DESCRIPTION 


The circuit diagram for the Disco Light 
Rider is shown in Fig. |. Each of the outputs 
of IC2 is fed to the gate terminal of a triac 
which switches mains voltage. Special sensi- 
tive gate triacs, CSR1 to CSR6, are required 
so that they can be driven directly from IC2 
without problems. 

The power for ICI and IC2 is derived 
directly from the mains via a series capaci- 
tor dropper C3. This method is very effec- 
tive for small currents (10mA in this case) 
and is very efficient as there is negligible 
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power dissipation in the capacitor. In con- 
trast a resistor carrying 10mA would be 
dissipating 2°-5W. 

The operation of this type of circuit. is 
quite simple to understand. The capacitor 
C3 passes the a.c. mains voltage signal to 


diodes D11, D12 and D13. During negative 
half cycles of the mains, current flows via 
D13 into C3 and during positive half cycles 
current flows via DI 1 and D112. AsD11 isa 
Zener diode the voltage across it must 
exceed its rating (in this case 9-1V) before it 


can conduct. The result is a series of half- 


wave 9-1V_ positive pulses which are 
smoothed by capacitor C2 to drive the rest 
of the circuit. 

The main disadvantage of this type of 
circuit is that a short circuit fault in the 
capacitor C3 will apply the full mains 
supply voltage with catastrophic results. 
For this reason a special mains suppressor 


Fig. 1. The complete circuit diagram for the Disco Lights. 
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COMPONENTS 





DISCO LIGHTS 


Resistors 














R1 470k 
R2 47k 
R3—R8 1k (6 off) 






All |W carbon + 10% 









Potentiometer 
VR1 470k reverse log. 










Capacitors 







C1 220n miniature. 
polyester C368 

C2 100p 25V radial 
electrolytic 

Cs 100n 250V a.c. 





suppressor type 









Semiconductors 











IC1 4000 Dual 3-input 
NOR gate + 
inverter 

IC2 4017 Decade 
Counter/Divider 

D1toD10 1N4148 (10 off) 

D11 BZX61C 9V1 
Zener 

D1i2,D13 1N4001 (2 off) 

CSR1—CSR6 TAG K9Q Triacs 






(sensitive gate) 
(6 off) 









Miscellaneous 












TB1 10-way 2A 
terminal block 
FS' 5A 20mm quick- 
blow fuse 
LP 1—LP6 Mains lamps, 
colours and shape to choice 
(see text) (6 off) 
14-pin i.c. socket; 16-pin i.c. 
socket; p.c.b. mounting fuse- 


holder; case, Plastic 145mm x 
95mm x 55mm minimum; screw 
fit knob; wire; printed circuit 
board available from the EE PCB 
Service, order code EE542. 






pave) elged emretoy-y § 
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See 





_ page 537 














This board is available 
from the EE PCB Service, 
code EE542. 












capacitor is specified. Provided this is used 
the chances of a breakdown are very small 
indeed. 

A second disadvantage is that the whole 
of the circuit is connected directly to the 
mains supply. This is not a problem in 
sound-to-light effects and similar circuits 








- 


Fig. 2. Full size printed circuit master pattern for the Disco Lights. 


which are already connected to the mains in 
any case. 

The big advantage is that a bulky heavy 
and expensive mains transformer is not 
needed. 


CONSTRUCTION 


Because of the mains voltages present in the 

Disco “Light Rider’’, constructors should be 
very careful when building this unit. It is 
advised that. only persons experienced in 
mains circuits should tackle this project and 
extra care should be exercised when testing 
and checking the circuit. 


To keep cost to a minimum the circuit is 
built on a single printed circuit board 
housed in a plain plastic box. This board is 
available from the EE PCB Service: order 
code EE542. 

The component layout and p.c.b. master 
pattern (full size) is shown in Figs. 2 and 3. 
As the tabs on the triacs are connected to 
the MT2 terminal the mounting screws 
have been used to make the connection to 
the board and the MT2 leads removed. 

A standard 2A terminal block is used to 
make all of the connections from the mains 
and to the lamps. All six banks of lamps 
share a Common mains neutral connection. 
To keep the board layout simple the connec- 
tions for the lamp do not follow in a strict 
order and so a little wire-crossing is needed 
when the connections are made. 

The Speed Control potentiometer VR1 
(which should have a plastic insulated 
spindle) must be mounted on a bracket. 
from the board so that its insulated spindle 
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OUTPUT TO LAMPS 


Fig. 3. Component layout and interwiring for the Disco Lights. Note that this board must be 
housed in a PLASTIC case. 
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Fig. 4. Pinning details for the thyristors 
CSR1—CSR6. Note the T2 lead is cut short 
and the ‘‘tab’’ used for this connection. 


The completed . 
disco lights 
board. 





passes through a close fitting hole in the 
case. This is to ensure that even with the 
control knob removed it is impossible to 
touch any part of the circuit that may be 
live. A “reverse log” potentiometer is speci- 
fied because this gives a very smooth con- 
trol of speed over a wide range. 

Only two connections are made to the 
board as shown in Fig. 3 and the assembly 
of the rest of the board is straightforward. 
Take particular care with the three diodes 
D11 to D13 to ensure their correct polarity. 

Once the board is complete it should be 
tested at low voltage and then fitted into a 
plastic case before testing at mains voltage. 
The incoming and outgoing leads should be 
fed through close fitting grommets and 
should have strain relief clamps fitted just 
inside the case to restrain them and prevent 
them from being pulled out accidentally. 
The board should be mounted on sticky 
pads or with nylon nuts and screws so that 
there are no exposed metal parts to become 
live. 


TESTING 


Ideally the circuit should be tested first at 
low voltage. This can be done by applying 
9V d.c. across diode D13 with the negative 
side connected to its anode. With the Speed 
Control set at minimum it should be pos- 
sible to see the triac gates pulsing in turn by 
using a multimeter set to a low d.c. voltage 
range. The voltage on each gate should pulse 
up to 1-2V approximately. 

A separate 6-12V a.c. source and a 
number of low voltage bulbs can be used to 
check full operation of the triacs. Keep the 
9V d.c. supply connected and connect the 
a.c. supply to the L and WN terminals. 
Connect the bulbs to each output and they. 
should be turned on and off in the correct 
order. Check that the Speed Control works, 
and the circuit is ready for testing at mains 
voltage. 

Before testing at mains voltage the board 
must be fitted into a suitable all plastic case. 
Disconnect the low voltage supply and take 
extreme care when making measurements. 
With the mains connected all parts of the 
circuit should be considered to be “live”. 
Use a good multimeter with insulated test 
probes. Apply the mains to the circuit; if the 
power supply section is producing 9V across 
diode D1 1 all is well and all that remains to 
be done is a quick test with six mains lamps. 


IN USE — 


Once the unit is working satisfactorily it 
can be connected to whatever type of 
display is required. Remember to use cable 
rated at mains voltage for the interconnec- 
tions. Combinations of shapes, colours and 


lamp types can be arranged to produce 


exactly the effect required. 

Unlike l.e.d.s it is not possible to turn the 
triacs off slowly simply by using capacitors. 
Instead the thermal inertia of the lamp 
filaments is relied upon to produce a gra- 
dual fade out. At slow speed setting the fade 
is relatively fast and so the lamps will 
appear to switch abruptly but at higher 
speeds the fade becomes significant and a 
very pleasant smooth effect is achieved. 

At very high speed settings the frequency 
of the oscillator approaches mains frequen- 
cy. This gives rise to a number of very 
strange effects. Some of which are quite 
interesting. If preferred the upper range of 
speed can be limited by connecting a 22k 
resistor in series with VR1. 

; O 


533 





1 project simulates the red light which 
sweeps to and fro on the front of “Kit” 
the computerised car in the TV series 
Knight Rider. 
_ Although designed primarily with novelty 
in mind and not for mounting on car 
bonnets, there are useful applications for 
this circuit. | 

It could, for example, be used to add that 
little bit extra to home-made robots, be they 
kit or self-designed. Or, the l.e.d.s could be 
arranged in different patterns using differ- 
ent colours to produce interesting displays. 

The circuit is not limited to driving l.e.d.s 
however. If a suitable interface is used any 
type of lamp can be driven, making the 
circuit suitable for ‘“‘disco lights”’ etc. 

The number of outputs required is selec- 
table up to a maximum of 16 by a single 
wire link. The prototype used all 16 outputs. 
The speed of the display is adjustable from 
dead slow to a blur by an on-board preset 
potentiometer. 

A feature of the circuit is the ability to 
disable the display without removing the 
power to it. For instance, when a robot is 
“idle’’ preventing unnecessary drain on the 
battery. 

Since the circuit uses CMOS 1.c.s it will 
operate over a wide supply range (3 V-15V) 
and is very economical on battery power. 


PRINCIPLE OF OPERATION 


A simplified block diagram of the circuit 
is shown in Fig. 1. For normal operation 
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VARIABLE 
FREQUENCY CLK 
OSCILLATOR 


Q4 


D4 


BINARY UP/DOWN COUNTER 







SET-RESET 


UP/DOWN Q _ BISTABLE 


02 03 Qs SE T RESET 


D2 D3 Dz 


4 T0 16 LINE DECODER 





Fig. 1. Block diagram of the Chaser Light system. 


Disable is low. When high however the 


oscillator is stopped and all l.e.d.s are 


turned off. 
The Variable Frequency Oscillator pro- 
duces pulses which are counted by a Binary 
Up/Down counter. The direction in which 
the pulses are counted is controlled by the 
logic level applied to the counters Up/Down 
input. When “high” it counts up, when 
“low” it counts down. The Up/Down input 
is fed from the output Q of a Set-Reset 
Bistable. Q goes high when the Set input is 


A BC OD 


IC2 
4516 


Q2 Q3 


pulsed high and low when the Reset input is 
pulsed high. 

The counters output appears as a binary 
code weighted Q1 = 1, Q2 = 2, Q3 = 4, Q4= 
8 and is fed to the inputs of a 4 to 16 Line 
Decoder which selects one of its 16 possible 
outputs according to the binary code at its 
input e.g., code 0101 will select Q5 and code 
1111 will select QI5. The selected output 
goes high causing the l.e.d. connected to it 
to light. All other outputs remain low and 
therefore all other l.e.d.s are off. 


INHIBIT 


Vss 
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Consider that the bistable is in the Set 
state, i.e. Q is high and the counter is 
counting up. Each time it receives a clock 
pulse from the oscillator it adds one to its 
count, the count is decoded and the selected 
output goes high lighting the l.e.d. connect- 
ed to it. This continues until eventually Q15 
goes high, at this point the bistable is reset 
and its output Q goes low. 

The counter now begins to subtract one 
from its count each time it receives a clock 
pulse. As before the count is decoded and 
the selected output lights an l.e.d. This 
continues until eventually QO goes high, the 
bistable is set and the counter begins to 


count up once more. The result is a display © 
that produces a light that sweeps to and fro. 


By altering the point at which the bistable 
is reset the number of lights required can be 
changed e.g. if ten lights are required Q9 is 
used to reset the bistable. 


CIRCUIT DESCRIPTION 


The complete circuit diagram for the. 


Chaser Light is shown in Fig. 2. Having 
discussed the circuit’s operation all that 
remains is to describe its finer details. 

The prototype was powered from a 9V 
PP3 battery but the circuit will work equally 
well in the range 3V to I15V. If a different 
supply voltage is to be used then the value of 
l.e.d. current limit resistors R3 to R18 will 
have to be changed. 

The current required by an l.e.d. for 
satisfactory illumination is usually in the 
range 5mA to 10mA and the forward 
voltage is about 2V. On the prototype an 
l.e.d. current of 7mA was used. 


The value of the current limit resistors 
can be calculated by the following formula: 


V supply — Ve 


R limit = 
i Lé.d. 
e.g.. for the prototype 
R limit = ae ey. = 1k ohms 
mA 


The supply is decoupled by capacitors Cl 
and C2. 

The Variable Frequency Oscillator is 
formed by two NOR gates ICla and IC1b 
C3, R2 and VRI set the oscillator frequen- 
cy. Preset potentiometer VR1 allows adjust- 
ment of the frequency and hence the speed 
of the display. The oscillator output is fed to 
the CLK input (pin 15) of IC2, a Binary 


- Up/Down Counter which counts the pulses 


the oscillator produces. 

Preset inputs A, B, C, D, Preset Enable 
(PE), Reset and Carry In (pins 4, 12, 13, 3, 1 
9, 5) of IC2 are all unused and are tied 
permanently low. Carry Out (pin 7) is not 
required and is left unconnected. 

The UP/DOWN input (pin 10) of IC2 
determines the direction of count and is 


controlled by a bistable formed by two 


NOR gates IClc and ICld. Pin 11 of ICIc 
acts as the Bistable output, pin 13 of IClc 
acts as the Reset input and pin 8 of ICId as 
the Set input. 

The counters binary output appears at Q1 
to Q4 (pins 6, 11, 14, 2) and is fed to the 
inputs D1 to D4 (pins 2, 3, 21, 22) of IC3, a 
4 to 16 Line Decoder. As explained pre- 


viously IC3 decodes the binary input to 





Completed Chaser Light showing the bank of le.d.s mounted directly on the board. 
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Fig. 3. Full size printed circuit master pattern for the Chaser Light. 
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select one of its 16 possible outputs. The 
selected output goes high and drives an 
l.e.d. (D1 to D16) via a current limiting 
resistor R3-R18). | 

Output QO (pin 11) is also connected to 
the Set input of the bistable such that when 
the count is at 0000, i.e. at its minimum, the 
bistable is set, its output is forced high and 
the counter is made to count up. Q15 (pin 
15) of IC3 is conencted to the Reset input of 
the bistable such that when the count is at 
its Maximum, i.e. 1111, the bistable is reset 
and the counter is forced to count down. 

The data latching facility of IC3 is not 
required and so Strobe (pin 1) is tied 
permanently high. The Inhibit, pin 23, is 
connected to the Disable input as are the 
NOR gates ICla and IC1b which form the 
oscillator. When the Disable is taken low 
the circuit works normally. However, when 
left unconnected the Disable input is pulled 
high by resistor R1 stopping the oscillator 
and forcing the outputs of IC3 low switch- 
ing Offalll.e.d.s. — 

The Disable input was designed to be 
driven by an external transistor which when 
turned on pulls Disable low and when 
turned off allows Disable to be pulled high 
by Rl. 


CONSTRUCTION 


All the components are mounted on a 
single printed circuit board as detailed in 
Figs. 3 and 4. This board is available from 
the EE PCB Service: code EE546. 

Before commencing construction you 
must first decide whether you want to use 
the “Disable” facility or not. If you do then 
resistor R1 is included and link LK3 is 
omitted, if not then R1 is omitted and LK3 
is included. Secondly, you must decide how 
many outputs you require. This will deter- 


mine the number of 1.e.d.s and current limit 


resistors used and also the position of link 
LK1. | 


COMPONENTS 
CHASER LIGHT 








Resistors 
R1 100k (see text) 
R2 10k 
R3-R18 1k (16 off) 
All ;W carbon +5% 
Potentiometers a 
VR1 1M lin. 537 
Miniature horizontal page 
preset 
Capacitors 
ee Fy, 10y tantalum 25V (2 off) 
C3 330n polyester 
Semiconductors 
IC 1 4001B CMOS 
NOR gate 
IC2 - 45 16B CMOS Binary 
Up/Down Counter 
IC3 4514B CMOS 4 to 


16 Line Decoder 
TIL209 or similar 
(16 off) 


D1—D16 


Miscellaneous 
PP3 9V battery and battery clips 
(if required); 14-pin, 16-pin and 
24-pin i.c. sockets; printed circuit 
board, available from the FE PCB 
Service code EE546; wire; solder 
etc. 
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Ri & LK3 ARE OPTIONAL COMPONENTS. (SEE TEXT) 


Begin construction by fitting wire links 
LK! to LK12 observing the conditions 
stated above for LK1 and LK3. Next fit the 
1.c. sockets, preset, resistors and capacitors 
ensuring correct polarity for capacitors Cl 
and C2. 

Next fit the l.e.d.s again ensuring correct 
polarity, designated by a ‘“‘flat’’ against the 
cathode (k) connection. The I.e.d.s need not 
necessarily be mounted on the p.c.b. but 
this will depend upon the application. 

Finally, connect wires for the power 
supply and the Disable input (if required) 
and insert IC1, IC2 and IC3 taking care to 
get them the right way round. 


VALUE PACKS 


Description 

Assorted Resistors Mixed Values and Types 

Carbon Resistors '/,-'/, W Pre-Formed, Mixed..£1. ‘00 
£1.00 
£1.00 


1/8 Watt Min Carbon Resistors Mixed Values 
'/.-1 Watt Resistors Mixed Values and Types.... 
Assorted Capacitors All Types 
Ceramic Caps. Miniature - Mixed Values 
Mixed Ceramic Disc. 68pf-.01 Spf : 
Assorted Polyester /Polystyrene Caps................... £1.00 
C280 Caps, Metal Foil Mixed Values 
Electrolytics - All Sorts 
Electrolytics - .47mf-150mf Mixed Volts 
Electrolytics - 150mf-1000mf Mixed Volts 
Silver Mica Caps. Mixed Values 
.01/250V Min Layer Metal Caps 
Wirewound Res. Mixed Watt Values 
Metres PVC Single Strand Wire Mixed Cols. ........ £1. ‘00 
Metres PVC Multi Strand Wire Mixed Cols 
Metres PVC Single/Multi Strand Wire 
Rocker Switches 2a 240V 
Assorted Switches Slider/Push Etc. 
Sq Inches Total Copper Clad Board 
40mm Slider Pots, 100K Lin 
.125” Clear Showing Red LED's 
Mixed Shape and Colours LED's 
Small .125” Red LED's 
Large .2” Red LED's 
Rectangular . K 
Assorted Volts Zeners 250mw-2w . 
Assorted Volts Zeners 10w Coded... 
5a SCR’s TO66 50-400v Coded 
3a SCR's TO66 Up To 400v Coded . 
Sil. Diodes Like IN4148 
Sil. Diodes Like 0A200/BAX13/16 
1a IN4000 Diodes All Good Uncoded 
Sq Inches Totat Copper Fibre-Glass Board 
Black Pointer Knobs '/,w Std 
Sil. Trans NPN Plastic Coded Data 
Sil. Trans PNP Plastic Coded Data \ 
TTL I.C.’s All New Gates - Flip Flop - MS! Data. £4.00 
CMOS 1.C.’s All New Inc Data £4.00 
Black Heatsinks Fit TO-3 TO-220 Drilled 
Power-Fin Heatsinks 2 x TO-3 2 x T0-66 
Asst. Heatsinks TO-1-3-5-18-220 
- BC107/8 NPN Transistors Good Uncoded 
BC177/8 PNP Transistors Good Uncoded 


DISABLE 









TESTING 


Set VR1 to mid-position and connect the 
unit to a suitable power source. If LK3 is 
not fitted connect “‘Disable” to OV. The 
display should now be working. Adjust 
preset potentiometer VRI1 to change its 
speed. 

If the circuit fails to work switch off and 
thoroughly check the board for mistakes 
especially the orientation of l.e.d.s, capaci- 
tors and i.c.s. 

Once the board is working correctly it is 
ready for its intended purpose. Final assem- 
bly will depend upon the application but 
holes are provided for mounting the p.c.b. 


Description 
Sil. Power Trans. Similar 2N3055 Uncoded 


Pairs NPN/PNP Plastic Power Trans. Data 4a 
Asst. Sil, Rects. 1a-10a Mixed Volts 


“NPN Sil. Switching Trans TO-18 - TO-92 


PNP Sil. Switching Trans TO-18 - TO-92 

Asst. Audio Plugs Phono-Din-Jack Etc 

Asst. Audio Sockets Phono-Din-Jack Etc 

Asst. 1.C. Dil Skts, 8-40 Pin 

1.C.’s 4116 Memorys 

Semiconductors From Around the World Mixed 
Opto Special Pack. Assorted. Super Value 

Hybrid LED Colour Displays 

Asst. |.C.'s, Linear, Etc. All Coded 

All Sorts Transistors, NPN/PNP 

Etchant and Drill Kit. PCB. Inc Drill, Transfers, Etc 
Electronic Buzzer, 6v, 25MA 

Electronic Buzzer, 9v, 25MA 

Electronic Buzzer, 12v, 25MA 

TECASBOTY ‘86, Component and Semiconductor Pack... 
Telephone Pick-Up Coil with 3-5mm Jack Plug 
Pillow Speaker with 3-5mm Jack Plug 

2 Metre Metric/Inches Tape 

Small Plastic Vice, with Suction Base 

Signal Injector, Push Button Operati 

Logic Probe/Tester. Supply 4-5v-18. DTL, TTL, CMOS 
Universal Tester with Ceramic Buzzer ... 


6 Piece ‘Stanley’ " Screwdriver Set. Flat and Crosspoint. ............... £3.50 
Ratchet Screwdriver Set. 4 blades. Real Value 

Piezo Buzzer, Miniature 12v 

Piezo Buzzer, Miniature 240v 

Sub Resistance Box. 36 values 5ohms—1Kohm 

Coax Antenna Switch, 2 way 

Coax Antenna Switch, 3 way 

High Pass Filter/Suppressor, CB/TV.. 

Low Pass Filter, VHS/TV Band 

Miniature FM Transmitter /Babyp! 

RED 7 Seg. CC 14mm x 7.5mm RDP FND353 LED Display 
GREEN 7 Seg. CA .6” LDP XAN6520 LED Display 
RED 7 Seg. CC .6” LDP XAN6940 LED Display 
RED Over-flow .6”°3xCA3xCC 6630/50 LED Display 
GREEN Over-flow .6” CA XAN6530 LED Display 
RED 7 Seg. CA .3” XAN3061 LED Display 
DUAL RED 7 Seg. .5” CA DL527 DPR LED Display 

DUAL RED 7 Seg. .51” CA DL727 DPR LED Display A 1 


£2.00 
£2.00 


Send your orders to Dept EE BI-PAK. PO BOX 6, WARE. 
TERMS CASH WITH ORDER, 
BARCLAYCARD ALSO ACCEPTED. TEL 0763-48851. 
ADD 15% VAT AND £1.00 PER ORDER POSTAGE AND PACKING 










HERTS 


SAME DAY DESPATCH, ACCESS, 
GIRO 388 7006 


Fig. 4. Component layout and wiring to the 
printed circuit board. Make sure that all link 
wires are in position before testing. This 
board is available from the EE PCB Service, 
code EE546. 
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INTERFACING 


As stated previously the circuit need not 
be limited to driving l.e.d.s. With a suitable 
interface any type of lamp may be driven 
including mains lamps. 

For low voltage lamps I would suggest the 
use of a ULN2801 octal (8 pin a package) 
Darlington Driver Array which will drive 
loads of up to 50V at 500mA. Outputs may 
be paralleled to increase current capability. 

Interfacing to mains lamps must only be 
undertaken by the experienced reader be- 
cause of the obvious dangers involved. The 
January 1985 edition of Everyday Electron- 
ics and Computer Projects describes a 
“Power Lighting Interface’ for home com- 
puters which 1s ideal. 

The interface will need to be driven by 
ULN2801s because the 15mA l.e.d. current 
required by the opto-isolators used in the 
project is beyond the capability of 
CMOS. OJ 


Description 
Assorted LED Displays - Our Mix with Data... 


1 Pick-Up Tool, spring loaded 


Precision Resistors 2-1% Tol 

IN4002 Sil. Rects. 1a 100v Preformed Pitch... 

40a Power Rectifiers Silicon TP48 300PIV 

BY187 12KV Sil. Diodes in carriers 2.5mA 

100K lin Multi-turn Pots, ideal vari. cap tuning 

Assorted Pots, inc Dual & Switched types 

Solid Tantalum Caps, Mixed Values 

Pair Opto Coupled modules 

Presets, Horizontal and Vertical, mixed values 

BC183B Sil. Trans. NPN 30v 200mA Hfe240+ 

BC171B Sil. Trans. NPN 45v 100mA Hfe240+ 

TIS90 Sil. Trans. NPN 40v 400mA Hfe100+ 

TIS91 Sil. Trans. PNP 40v 400mA Hfe100+ 

MPSASE Sil. Trans. PNP 80v 800mA Hfe50+ 

BF595 Sil. Trans. NPN eqvt. BF184 H.F.oo eee eeeseeeeeeneeeees TO92 £1. ‘00 
BF495 Sil. Trans. NPN eqvt. BFI73 HLF... eeeeeeceeneeeeneneeees T092 £1.00 
ZTX500 Series Sil. Trans. PNP Plastic £1.00 | 
ZTX107 Sil. Trans. NPN eqvt. BC107 Plastic 

ZTX108 Sil. Trans. NPN eqvt. BC108 Plastic 

BC183L Sil. Trans. NPN 30v 200mA 

SJE5451 Sil. Power Trans. NPN 80v 4A Hfe20+ 

NPN/PNP pairs Sil Power Trans like SJE5451 

2N62839 Sil. Power Trans. NPN 40v 40w 7A Hfe30+ 

BFT33 NPN Sil. Trans. 80v 5A Hfe50-200 T039 

BFT34 NPN Sil. Trans. 100v 5A Hfe50-200 T039 

BUY69C NPN T03 VCB 500 10A 100w Hfe15+ 

BC478 eqvt. BCY71 PNP Sil. Trans. T018 

BXS21 eqvt. BC394 NPN Sil. Trans. 80v ~~ TO18 .. 

Assorted Power Trans. NPN/PNP Coded & D 

BF355 NPN TO-39 Sil. Trans. eqvt. BF258 2250 100mA 

SM1502 PNP T0339 Sil. Trans. 100v 100mA Hfe100+-... 

De-soldered Sil. Trans. from boards. 10mm leads. Good. .. 

DIL Switches 1 & 2 way slide, 6 way SPST, Asst 

LES and MES Bulbs, assorted volts 

Fuses 20mm & 14” Glass, assorted values 

Pack Assorted Hardware, nuts, bolts, etc 

Asst. Battery Holders & Clips. PP3/9,AA,D, etc. .............cccscecsesccseseseseeseeneenes £1.00 
Pairs Croc. Clips. Insulated 2 small, 1 large set £1.00 
Tantalum Bead Caps, assorted values 

1 and 2 watt Resistors, assorted values 

1000pf 50v Electrotytics 

Phono Plugs, Sockets and Connectors, 4 of each 

4A/400v Triacs, plastic 

SCR’s 800MA 200v 2N5064, plastic 

Project Board, drilled, 100 pins + Insertion Tool 

Pack 100 single sided pins for VP188 

8” 8ohm 15 watt RMS Speaker 

Stereo Headphones, Walkman type, 3.5mm plug 


Use your credit card. Ring us on 0763-48851 NOW 
and get your order even faster. Goods normally 
sent 2nd Class Mail. 

Remember you must add VAT at 15% to your order. 
Total Postage add £1.00 per Total order. 
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Catalogues Received 
This month we have received two 


‘“‘pumper’’ catalogues from companies 
with a long and historical association with 
the early days of electronics, particularly 
the home construction side, in this 
country. These are the Henry’s Audio- 
Electronics Catalogue and the introduc- 
tion of the Electromail Catalogue from RS 
Components. 

The name RS Components is well 
known to readers of EE and is synony- 
mous with high quality components. Many 
of our author’s/designer’s swear by their 
components and they are always being 
recommended in projects. 

Being unavailable to the general public 
we have, until now, had to ask construc- 
tors to approach local approved bona-fide 
traders to obtain these components. Now 
RS have announced the launch of Electro- 
mail—an easy-to-buy distribution service 
available to everyone. 

To mark the launch, Electromail have 
issued a catalogue offering the full RS 
range of over 12,500 quality products. 
The 688 page catalogue lists each item's 
price, product description, order code and, 
in most cases, an accompanying photo- 
graph. It also contains valuable product 
technical information. 

The Electromail catalogue is excellent 
value at £2.50 and to receive a copy (only 
available to UK customers) readers should 
telephone their Access/Visa number or 
send their remittance to: Electromail, 
Dept 300, PO Box 33, Corby, Northants 
NN17 QEL. Tel: 0536 204555. 

When the Henry's catalogue arrived in 
the office it was a welcome surprise to see 
that, instead of being dominated by audio 
accessories, there is a fairly even balance 
between audio, test equipment, tools and 
general components. In fact, although the 
audio section is still fully comprehensive 
the combination of test gear and Benes 
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components seems to make up about 
two-thirds of the catalogue. 
The catalogue is split into 15 sections 


and contains approximately 200 fully illus-. 


trated pages. It covers items ranging from 
PA equipment and computer accessories 
to semiconductors and miniature d.c. 
motors. 

The catalogue costs just £1, plus 46p 
postage UK (£1 overseas), and also con- 
tains redeemable £1 discount vouchers for 
use against orders over £20 in value. 

Copies of the Henry’s Audio-Electronics 
catalogue may be obtained from: Henry’s 
Audio-Electronics, Dept EE, 404—406 
Edgware Road, London W2 1ED. A 
large, 305mm x 230mm, envelope would 
be appreciated. 


Micro Tracer Unit 


We do not envisage any component 
buying problems for the Micro Tracer Unit. 

A full kit of parts (£23.92) for this 
versatile unit, including a printed circuit 
board, may be obtained from Phonoson- 
ics, Dept EE, 8 Finucane Drive, Orping- 
ton, Kent BR5 4ED. The printed circuit 
board may be purchased separately for the 
sum of £3.35 inclusive: quote code 261A. 


10W Audio Amplifier 


Our major project this month and likely 
to be the most popular is the 7OW Audio 
Amplifier. Glancing down the components 
list, the only items that could be classed as 
“‘difficult’’ are the TLO7 1 low-noise BI-FET 
op-amp, the TDA2004 class-B dual audio 
amp i.c. and the power supply mains 
transformer. 

The choice of separate bobbins for the 
primary and secondary windings of the 
mains transformer is to reduce the risk of 
any mains borne interference to a mini- 





mum. It is quite possible that other trans- 
formers will work here, but the one used in 
the prototype was purchased from 
Magenta. 

The TLO71 op-amp is currently listed by 
Marco, Maplin, Cricklewood and CPL Elec- 
tronics. The TDA2004 power amp i.c. is 


. stocked by Cricklewood, Omni Electronics 


and Magenta. 

A complete kit of parts, including the 
printed circuit boards, for the amplifier 
is available (£35.75 inclusive) from 
Magenta Electronics Ltd., Dept EE, 135 
Hunter Street, Burton-on-Trent, Staffs, 
DE14 2ST. The printed circuit boards for 
this project are available through our PCB 
Service: code EE543 and EE544. 


Spectrum Escape Interface 


Readers undertaking to build up the 
circuit for the Spectrum Escape /nterface 
—see On Spec—should not experience any 
difficulties in purchasing the semiconduc- 
tors for this circuit. Practically all of our 
component advertisers seem to hold 
stocks of these devices. 


Light Rider 


Looking at the components called for in 
the three Light Rider projects we only 
expect the odd item to cause local supply 
problems. 

The “‘high efficiency” |.e.d.s used in the 
Lapel Badge version are only now becom- 
ing readily available and could prove diffi- 
cult to locate. If readers do experience any 
problems they may be purchased from 
Magenta. It is not necessary to use the 
case specified but obviously, as it will be 
worn on a person's clothing, the smaller 
the case the better. 

The capacitor C3 used in the Disco Lights 
mains version must be a high quality 
“‘mains suppressor’’ type, with a working 
voltage not less than 250V a.c. The rea- 
son for this is that should the capacitor 
break down the full mains supply will ‘“hit’’ 
the circuit with catastrophic results. Pro- 
vided the specified capacitor is used the 
likelihood of a breakdown is fairly remote. 

The triacs CSR1 to CSR6 specified in the 
disco lights version have very sensitive 
gates and are currently stocked by 
Magenta. 

The components used in the Chaser 
Light project all appear to be standard 
“off-the-shelf’’ items and should not give 
any buying problems. 

A full kit of components, including 
p.c.b.s, for the Lape/ Badge (£10.71 inclu- 
sive), Mains Disco Lights (£19.69) and the 


- Chaser Light (£13.99) may be purchased 


from Magenta Electronics Ltd., Dept 
EE, 135 Hunter Street, Burton-on- 
Trent, Staffs DE14 2ST. 

The printed circuit boards for all the 
Light Rider projects may be purchased » 
through the EE PCB Service. These should 
be ordered as follows: Lapel Badge—code 
EE540 and EE541; Disco Lights—code 
EE542; Chaser Lights—code EE546. 

Finally, with the large number of |.e.d.s 
required for the display it may be possible 
to obtain them from our advertisers at a 
“special price’’ for numbers over 10. It is 
certainly worth looking at some of the 
special component packs. 


Exploring Electronics 


A suitable ‘‘breadboard”’ for building up 
the demonstration circuits in the Exploring 
Electronics series would be the same as the 
one used in our recent Jeach /n ‘86 series. 
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This series is de- 
signed to explain the 
workings of electronic 
components and circuits 
by involving the reader 
in experimenting with 
them. There will not be 
masses of theory or for- 
mulae but straightfor- 
ward explanations and 
circuits to build and ex- 
periment with. 





12 month we investigate the pro- PELE 
perties of a useful electronic com- INDICATED BY A FLAT OR 
ponent. Its name suggests that it has eve 
something to do with temperature. 
Find out more by following the instruc- 
tions below. 1 : 
CATHODE MAYBE 
INDICATED BY 
Thermistors eis 
A thermistor is made by mixing 
nickel, cobalt, manganese and other 
oxides. The mixture is heated to fuse it 
into a bar, disc or bead. As the tem- 
perature increases, the resistance of the 
material decreases. We say it has a Fig. 4.2. Symbol and identification of an 
negative temperature coefficient. The l.e.d. 
‘*-t”? in the symbol used for this device 
indicates this fact (Fig. 4.1). Thermis- 
tors with a positive temperature coeffi- 
cient are also available. 


SYMBOL 





Light emitting diodes 


Light emitting diodes (l.e.d.s) are 
diodes in which the semiconducting 
material is gallium phosphide or gal- 
lium arsenide. When the diode is for- 
ward biassed and current flows . RI 
through the junction (i.e. from the ee 
anode to the cathode terminal, Fig. 
4.2), light is emitted. The l.e.d.s are Fig. 4.3. Circuit for investigating the pro- Fig. 4.4. Breadboard layout of the circuit 
made in a variety of shapes and sizes; perties of a thermistor. of Fig. 4.3. 
most emit red light, but are available in 
yellow, green, blue and infra-red. 





What does a thermistor do? What does this tell us about the resis- 


. . ~ i 9 

Set up the circuit of Fig. 4.3 and a of hp ee ee peas 
connect the battery (as shown in Fig. each of the tests above, does the 
4.4). Does the lamp glow at its full lamp recover its normal brightness 
brightness? If not, it suggests that the when the thermistor 1s proven back to 
thermistor has electrical resistance. It peal ete acalicoldatie 7 so, this 
THERMISTOR is. atype of resistor; Make the thermis- . SJOWS “at fs resistance Is no! perma- 
-tor colder by holding a cube of ice "tly changed by making it hot or 


against it. Or put the whole thermistor  °°!d for a while. A device such as this 
could be a useful temperature sensor. 


DISC 














elicAPsuraTeS in the deep-freezer for a few minutes. 
BEAD What Beas to the brightness of the ‘The next project shows how. 
_lamp? What does this tell us about the 3 
resistance of the thermistor? THERMOMETER 
caanebts Now try making the thermistor hot- 
ter. Put it in front of an electric fire or The circuit of Fig. 4.5 uses a light 
, near a reading-lamp, but make sure emitting diode in place of the filament 





that the heat is not too great or the lamp of the previous circuit. This 
breadboard may be damaged. What circuit relies on the fact that the resis- 
Fig. 4.1. Types of thermistor. happens to the brightness of the lamp? tance of a thermistor decreases as it 
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RI 
VA1040 


Fig. 4.5. Circuit for a simple thermometer. 


gets hotter. When the thermistor is as 
cold as melting ice, we adjust VR1 so 
that the total resistance of R1 and VR1 
is just enough to stop the Le.d. from 
glowing. When the thermistor becomes 
warmer than melting ice, its resistance 
becomes less and the l.e.d. begins to 
glow. But if we turn the knob of VR1 to 
make its resistance greater, the lamp 
can be stopped from glowing. The 
hotter we make R1, the more we need 
to turn the knob of VRI so that the 
total resistance remains the same as 
when we started, and the l.e.d. stays 
dark. If we put a piece of card on VR1 
so that the positions of its pointer- 
knob can be marked, we can construct 
a thermometer. 


Construction 


The thermistor is best connected to a 
pair of long wires. The switch S1 is 
made by cutting a small wire link and 
placing it in position when the circuit 
is to be switched on (Fig. 4.6). Fix the 
piece of card on the variable resistor, 
retaining it firmly with the nut and 
washer provided. Replace the pointer- 
knob and fix it firmly to the spindle by 
tightening the grub screw. 

Put the thermistor in a cup or glass 
containing cold water and some ice. 
Allow it to settle for a few minutes. 
Switch on the circuit. Then turn the 
knob of the variable resistor to the left 
until the lamp just goes out. Mark the 
position of the pointer knob by draw- 
ing a short line on the card. Ice melts at 
0°C, so this mark can be labelled °‘0”’. 
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board 
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Fig. 4.6. Bread- 
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res hautit 
cm. LONG: 


layout of 


D1 


POINTER 
KNOB 


CARD 





Thermistor, type 
VA1040 (or any similar 
type with a resistance of 
about 150 ohms at 25°C) 
VR1___—«s*Variable resistor 1k lin. 


LP Filament lamp 6V 0-06A 
with holder 

D1 TIL209 or similar light 
emitting diode 

B1 Battery—box with four 
1°5V cells 

Breadboard (e.g. Verobloc); 

pointer knob for VR1. 





Support the thermistor just above 
the surface of some water in a sauce- 
pan. Bring the water to the boil, so that 
the thermistor is surrounded by steam. 
It is very hot now, so do not try to 
touch it with your bare fingers. Now 
switch on the circuit. The l.e.d. should 
be glowing fairly brightly. Turn the 
knob until the l.e.d.-just goes out. Mark 
the position of the pointer knob, and 

call this ‘‘100” (the temperature of 

steam is 100°C under normal condi- 
tions). Divide the angle between the 
two marks into ten equal parts, and 
label the new marks from “10” to 
“90”, in order. This completes the 
scale of the thermometer. 

To use the thermometer for measur- 
ing the temperature of a room, a 
greenhouse, or the outdoor tempera- 
ture, switch on and turn the knob until 
the l.e.d. just goes out. The pointer will 
indicate the temperature, in degrees 
Celsius. 

A simple circuit such as this cannot 
be expected to give precise readings. 
For one thing, the result you get de- 
pends on your judgement about when 
the l.e.d. is out. A more precise circuit 
based on the same principles will be 
described in a future part of this series. 
Next Month: Triggered Circuits, plus a 
simple stripboard project—Light 
Operated Switch. 


You will Need... 


Resistors 
R1100 R256 
R3—R5 1k (2 off) 
All {W carbon +5% 


Transistors 
TR1—TR3 ZTX300 npn (3 off) 


Miscellaneous 

VR1 1k carbon track, lin. 

VR2 100k carbon track, lin. 
ORP12 (or similar) cadmium sul- 
phide light-dependent resistor; O-1 
inch matrix stripboard, 10 strips x 
24 holes; knob for VR1 or VR2; LP 1 
filament lamp 6V, 0-06A;; holder for 
lamp; 6V audible warning device or 
6V relay; 1mm terminal pins (5 off); 
connecting wire. 
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Wit much of electronics construction 
is pretty straightforward, there are a 
few traps that need to be avoided, and in 
this month’s article we will look at some of 
the more common ones. 


TRANSFORMERS 


The best advice for beginners is to avoid 
any mains powered projects for as long as 
possible, but eventually though, you are 
almost certain to find a mains powered 
project that you wish to construct, and it is 
virtually certain to have a mains transfor- 
mer in the power supply section. The 
mains transformer performs two basic 
functions, which are to provide safety 
isolation and to provide a voltage step- 
down. 

The most simple type of mains trans- 
former has a primary winding to which the 
mains supply is connected, and a single 
secondary winding from which the low 
voltage output is taken. It does not nor- 
mally matter which way round the mains 
input leads are connected, or the low 
voltage output leads either. 

However, the result of connecting the 
mains supply to the primary winding by 
mistake would almost certainly be cata- 
strophic. A fuse or cutout would probably 
cut off the mains supply very quickly, and 
the mains transformer would probably 
survive the burst of heavy current that 
would pass through its primary winding. 
Unfortunately, by connecting the trans- 
former in reverse it will provide a voltage 


240V 


Ov 6V Ov 


step-up rather than a step-down, and the 
likely result would be the destruction of 
every semiconductor component in the 
circuit. 

Usually mains transformers are clearly 
marked so that there is no doubt which 
tags or leads are those for the primary, and 
which are for the secondary winding. 
Rather than markings such as ‘‘pri’’ and 
‘““sec’’, the primary tags are often marked 
something like “OV” and “‘240V"’ while 
those for the secondary will be physically 
well separated from them and marked 
“OV” and ‘‘6V" (or whatever). 

If in any doubt and you have a multi- 
meter, try measuring the resistance 
between the two pairs of tags. There will 
be a higher resistance of typically around 
20 to 2000 ohms through the primary, and 
only a few ohms or less through the 
secondary (larger transformers generally 
having lower resistances). 

If you are unable to determine for certain 
which way round a mains transformer 
should connect, do not complete the pro- 
ject until you can, and certainly do not 
consider the trial and error method of 
finding the right method of connection. 


TAPPINGS 


Most mains transformers have either a 
tapped secondary winding or multiple sec- 
ondaries, and these can be a bit confusing 
for the uninitiated. Taking tapped trans- 
formers first, one popular type is the so- 
called ‘‘multivoltage”’ type, and these have 


240V 


C6V) OV 


Fig. 1. The tapped secondary winding of (a) can be replaced by the twin 
windings of (b). The method of connection shown in (c) is incorrect. 


Cad 


6V 
240V Ci2v? 
OV 
6V 
OV 
OV COV> 


Cb) 


6V 

240V C6V) 
OV 
6V 

OV COV> 


Fig. 2. Using twin secondary windings in series (a) and in parallel (b). The latter 
should only be attempted with suitable transformers. 
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a ‘OV’ output terminal plus tappings at 
(typically) 12V, 15V, 20V, 24V and 30V. 

By using the ‘‘OV’’ terminal and the 
appropriate tapping the corresponding 
output voltage is obtained. Less obviously, 
using two terminals where neither of them 
are the ‘OV’ one will give an output 
potential equal to the voltage difference 
between the tappings (e.g. the ‘‘12V"' and 
““30V"' tappings would give an output of 
18 volts). 

Although these mains transformers can 
be used to provide low voltages, this is an 
inefficient way of doing things in that it 
would result in only a small fraction of the 
transformer’s potential output power be- 
ing used. This is also a rather expensive 
way of doing things, and would mean that 
a physically large component would be 
used where a much smaller one would 
suffice. : 

This type of transformer normally has 
the secondary tags clearly marked, al- 
though in some cases the tappings are 
taken to leads of various colours, and an 
information sheet provided with the com- 
ponent should then make it clear which 
tapping corresponds to which colour. Be 
sure to keep the information sheet in case 
you need to refer to it at some later date. 

The other common type of tapped trans- 
former is the centre tapped type for use 
with a two rectifier (‘‘push-pull’’) power 
supply circuit. Here the centre tapping is 
usually called ‘‘OV’’, with the other two 
terminals being marked ‘‘6V"’ (or what- 
ever), as in Fig. 1a. 


VERSATILE TWINS 


Many transformers these days seem to 
be designed for maximum versatility and 
they have twin secondary windings. These 
can be connected in three basic ways, one 
of which is to mimic the centre tapped 
variety. Fig. 1b shows the appropriate 
method of connection, which is perhaps 
not the obvious one. 

What in some ways would seem to be 
the more logical method of connection 
would be to connect the two ‘‘OV"’ termi- 
nals together and to then use them as the 
"OV" centre tapping of the transformer 
(as in Fig. 1c). This is a common error, and 
one that will not produce dire conse- 
quences. It won't produce any output 
either—the two windings effectively cancel 
each other out. 

The second type of connection for twin 
secondary windings is the series method 
shown in Fig. 2a. This combines the two 
windings to give a boosted output voltage 
which is merely equal to the sum of the 
two winding’s voltages. 

In this example two 6V windings are 
used to effectively give a single 12V 
winding. The current rating of the 12V 
winding is equal to the current rating of the 
two 6V windings (or to whichever of them 
has the lower rating if they are unequal for 
some reason). 

Parallel connection, as in Fig. 2b, is the 
third method of connection, and this gives 
no change in the output voltage, but does 
give a maximum Current rating equal to the 
sum of the current ratings of the individual 
windings. Thus two 6V 600mA windings 
would give an output of 6V rated at 
1200mA, or 1:2A in other words. 

It has to be pointed out that the parallel 
method of connection is a little risky in that 
any slight mismatch in the output voltages 
of the two windings will result in one 
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forcing a high current through the other 
with the strong possibility of the compo- 
nent overheating. This is something that 
should therefore only be tried with trans- 
formers that are specifically designed to 
permit parallel operation (as many are). 
The retailers’ or manufacturers’ literature 
should state if parallel connection is accep- 
table, and it should mot be used unless the 
literature does specifically say that the 
component is designed to operate in this 
way. | 

As a matter of interest, the usual 
method of ensuring that two windings are 
accurately matched is to use the ‘‘biflar’’ 
method of winding. This is just taking two 
_ insulated wires and winding them around 
the former together rather than winding 
the coils one at a time. Although this is a 
very simple solution to the problem, it is 
very effective and an extremely precise 
match is obtained in this way. 

When constructing mains powered pro- 
jects always connect the mains plug last. 
This avoids the possibility of getting the 
plug muddled in with other mains plugs 
and accidentally plugging in the project 
you are working on (which is potentially 
fatal). 


SWITCHES 


Although switches are relatively simple 
components they provide plenty of oppor- 
tunities for errors. Some of the terminol- 
ogy can be alittle confusing, especially the 
terms ‘SPST’, ‘SPDT’, “‘DPST"’ and 
“DPDT"’. 

An SPST switch is a “‘single-pole single- 
throw’ type, or just an ordinary on/off 
switch in other words. SPDT means 


Cad 


Fig. 3. The relationships between the electrical 
symbols and tag arrangements of (a) SPST and (b) 


SPDT switches. 


Mains Mains in/out 


in/out 


Cad 


Fig. 4. Correct method of connection for (a) a rotary 
mains switch and (b) a switched potentiometer. 


Slight flattening 


on side of case ae 


Fig. 5. A shorter lead or a flat 
side on the case usually indi- 
cates the cathode. 


Everyday Electronics, October 1986 


‘‘single-pole double-throw’’, and an alter- 
native term is SPCO (single-pole change- 
over). This is a three terminal switch where 
the pole terminal connects to one or other 
of the other tags, depending on the setting 
of the switch. A ‘’D’’ at the start of the 
name indicates that the switch is a 
‘“‘double’’-pole type, which is effectively 
two switches which operate in unison. 

The relationship between the electrical 
symbols and the physical tag arrange- 
ments for SPST and SPDT switches is 
shown in Fig. 3. There is no real problem 
with the single-throw type as there are 
only two tags to contend with. 

More than one contact arrangement is 
possible with the double throw type, but | 
do not recall encountering a switch of this 
type where the pole tag was anything 
other than the middle one. With double- 
pole switches the contact arrangement is 
generally the same as for a single-pole 
type, but with two sets of tags mounted 
side-by-side. 

Rotary mains switches can be a little 
confusing, and the switches fitted to po- 
tentiometers are, if anything, even more 
confusing. It is very important to connect 
these correctly since an error will almost 
certainly result in a short circuit across the 
mains supply when the equipment is 
switched on, which at best is likely to 
result in the switch being ruined. With a 
battery powered project the switch may 
survive the experience if an error is made, 
but the battery will be very short lived. 

The proper method of connection for the 
most common style of rotary on/off 
switch and the standard form of switched 
potentiometer is shown in Fig. 4. Remem- 
ber that if you are in doubt as to the 


connections to a switch, a quick check 
with a continuity tester will usually enable 
things to be sorted out in seconds. 


LIGHT EMITTING DIODES 


Light emitting diodes (l.e.d.s) represent 
one of the more awkward ty: 2 of compo- 
nent. Most types have the cathode (‘‘k”’ or 
““+"") terminal indicated by either a shorter 
lead, or a slight flattening on that side of 
the component, as in Fig. 5. This diagram 
is rather exaggerated though, and on the 
l.e.d.s | have encountered the flattening of 
the case is so slight as to be almost 


undetectable. 


Unfortunately, a few le.d.s have the 
shorter lead or the flat to indicate the 
anode terminal. Sometimes the retailers 
catalogue will give leadout details for the 
l.e.d.s they sell, but often it is a matter of 
making a simple test to determine the 
polarity. 

The easiest way of doing this is to 
connect the I.e.d. across the test prods of 
an analogue multimeter set to a low ohms 
range (about 20 to 200 ohms centre 
scale). If the |l.e.d. lights up and there is 
some deflection of the meter, the positive 
test prod is connected to the cathode (k). 

If the |.e.d. does not light up and there is 
no deflection of the meter, the positive 
test prod is connected to the anode (a) 
leadout wire. If you should accidentally 
connect a l|.e.d. round the wrong way it is 
unlikely to sustain any damage, and simply 
swopping over the connections should 
render the device operational. 
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EVERYDAY ELECTRONICS KITS 






Sept. ‘86 £10.90 
Aug. ‘86 £19.50 
Aug. ‘86 £6.90 


Freezer Failure Alarm 
Micro Mini Tuner (Excluding PCB) 





Battery Tester ug. : 

Caravan Battery Monitor July 86 £16.75 
Vox Box Amp. July ‘86 £11.95 
Headphone Mixer July ‘86 £24.50 
Lanai ral ‘86 +£7.50 
Personal Radio June ‘86 £12.90 
Percussion Synthesiser (Excl. PCB) June ‘86 £22.50 
Versatile P.S.U. Apr. ‘86 £19.35° 


Stereo Reverb Apr. ‘86 £23.15 
Mains Tester & Fuse Finder 
(Excl. PCB) 


PRACTICAL WIRELESS KITS 
Sept. ‘86 £24.30 


Simple 50MHz Converter 
Arun Parametric Filter 





(Inc. Spec Case) May ‘86 £54.00t 
Arun Parametric Filter 

(Excl. Case) May ‘86 £39.00 
Meon 2 50MHz Transverter— 

144MHz I.F. il ‘86 £48.50° 
Simple Audio Oscillator ‘86 £27.25 
RF Processor Mar ‘86 £53.00° 
RTTY/Morse Modem Jan ‘86 £35.85 
Crystal Calibrator Jan ‘86 £19.95 


Two tone Oscillator- Excl. Mic Plug Dec ‘85 £22.45 


Mar. 86 £5.90 | Meon 50MHz Transverter— 
Interval Timer Mar. ‘86 £15.85 28Miz I.F. Oct 85 £49.50° 
Stereo Hi-Fi Preamp Mar. 86 £42.50 Capacitance Meter Oct ‘85 £23.90 
Touch Controller Feb. 86 £11.75 Dip Oscillator Oct 85 £21.90 
Mains Delay Switch Jan. ‘86 £17.85 —U.H.F. Prescaler Sept ‘85 £24.95 
One Chip Alarm Jan. ‘86 £6.90 Add On BFO-Inc. C804 & ; 
Oport Jan. ‘86 £9.25 Optional Cmpts. Aug ‘85 £14.40 
Caravan Alarm (Excl. Horn) Sept. ‘85 £15.00 — Triamble Key wrk Feb 85 £18.80 
Fridge Alarm t.'85 £7.45 ay, Bad 528 Bit Memory Oct 84 £51.00° 
Tremolo/Vibrato Aug. 85 £31.00 eme PSU Feb ‘85 £26.90° 
Drill Control Unit (Excl. Case) Aug. ‘85 £18.45t PW Teme ATU/SWR Bridge Feb ‘85 £14.90 
Low cost PSU Aug. ‘85 £13.85 PW Teme Receiver Jan ‘85 £24.75 
Train Signal Controller Jy ‘85 £10.45 PW Teme VFO/Doubler Dec ‘84 £26.30 
Continuity Tester July ‘85 £8.35 | PW Teme Transmitter (Less Xtal) Nov ‘84 £29.00 
Electronic Doorbell June ‘85 £6.25 | Morse Sending Trainer July "84 £13.40 
Caravan PSU June ‘85 £9.95 Morse Practice Oscillator Jan ‘82 £10.20 
Across The River June ‘85 £13.45 
High Z Multimeter (Excl. Case) June ‘85 £29.35 
Graphic Equaliser June ‘85 £24.50 — Visual Doorbell (PCB Version) 


TEACH IN ’86 





BASIC ITEMS £23.70 
Regulator Unit Project 1 £18.95 
Universal Bridge Project 2 £21.50 
Diode/Transistor Tester Project 3 £13.45 
Audio Signal Tracer Project 4 £10.80 
Audio Signal Generator Project 5 £18.95 
R.F. Signal Generator Project 6 £22.00 
FET Voltmeter so 7 £17.45 
Digital Pulse Generator Project 8 £11.85 


Additional Components - Part 1 & 2 £1.60, Part 3 £1.45, 
Part 4 £2, Part 5 £1.90, Part 6 £6.85, Part 7 45p, Part 8 
£1.75, Part 9 25p. 





Footpedal Flanger 
Heartbeat Montor 








Freezer Alarm 

Sound Effects Box with Earpiece 

Hi Fi Intercom 5 

Hot Water Indicator—inc. ABS Box Aug. ‘85 £8.95 
Intelligent Windscreen Wiper Aug. ‘85 £22.80 
Household Battery Checker Sept. ‘85 £13.45 
Sinewave Generator Sept. ‘85 £21.95 
Compressor/Sustain Pedal Oct. ‘85 £22.35 







HAM RADIO KITS 

Modula Converter—Without RF (Excl. Xtal) £18.45 
Modula Converter—With RF (Excl. Xtal) £19.50 
ALL PROJECT COMPONENTS ALSO 

AVAILABLE SEPARATELY 

Postage as below apart from * = £1.50 and t = £2.00 
ALL KITS COMPLETE (LESS BATTERIES) UNLESS SPECI- 
FIED. INCLUDES ALL COMPONENTS, PCB OR VERO, 
CASE AND HARDWARE. ALL COMPONENTS NEW ANDO 
FULL SPEC. DO NOT ADD VAT. ADD 70p P&P PER ORDER 


UNLESS OTHERWISE SPECIFIED AND SEND CHEQUES 
OR POSTAL ORDERS TO:— 


C.P.L. sige bce 


8 Southdean Close, Hemlington, Middlesbrou 
Cleveland TS8 SHE. T: Te: 0642 691157 
FREE PRICE LIST ON REQUEST 
Article reprints 60p 
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MICRO TRACER 


UNIT 





A useful piece of 
test gear for the 
constructor with 
a computer 


HE Micro-Tracer shows an interesting 
way in which a computer and two 
integrated circuits can be used as a signal 
injector and tracer. The software has been 
written for the BBC, C64 and PET series of 
computers. Details on its use with other 
computers are given below. 

It has been designed for the constructor 
who occasionally assembles a project, but 
does not have access to an oscilloscope for 
tracing the course of signals through it if it 
malfunctions. From the block diagram 
(Fig. 1) it will be seen that in addition tothe 
computer there are four very simple stages. 
The first allows the computer to send an 
audio tone out to the unit under test. The 
second amplifies the probed signal from the 
circuit under examination, to a level suit- 
able for sending to the computer. The third 
controls the amplifier gain and is under 
computer control. Simple analyticai data 
about the probed circuit is displayed on the 
screen. | 

The computer also puts out a second 
audio signal which can be fed to an ordinary 
amplifier. This signal consists of a series of 
bleeps, the frequency and rate of which 
depend on the strength of the probed signal. 
Rudimentary information on the frequency 
probed is also shown on the screen as a bar 
graph. 


INJECTION SIGNAL 


All the computers mentioned above have 
internal timers that can produce a program 
controlled frequency output as a 5V peak to 
peak square wave. Here this is set for 
approximately 440Hz, though the value can 
be changed if preferred. It is put out onto 
one of the handshake lines of the output 
port. Since this line is often used for calling 
the attention of external equipment, it is 
referred to here as the ATN (Fig. 2) or 
attention line. In the unit C7 gives a.c. 
coupling, and VR2 enables the desired 
signal strength to be set, to suit the circuit 


under test. Switch S1 then selects for a.c. or 


d.c. coupling of the injection output. 
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Fig. 1. Block diagram of the Micro Tracer Unit. 


By means of a probe, the signal can be 
sent to any part of the circuit under test. 
This can be at the usual audio input, or 
somewhere along the rest of the circuit 
signal path. If preferred an alternative sig- 
nal source can be used instead. Switch S2 
enables the injection signal to be switched 
back to the computer as a self-check facility. 


TRACER 


With the second probe (Test In), the 
passage of the injection signal can be fol- 
lowed. The signal is brought back into the 
Tracer input at Cl via VR3. The next stage 
is a voltage controlled amplifier around 
ICla and IClb. The amplification of this 
stage can be adjusted by the computer in 
accordance with the strength of the traced 
signal. . 

The computer adjusts the gain until the 
output is sufficiently high for the computer 


to detect it. The screen readout then dis- 
plays the detected signal strength as falling 
into one of four categories, Poor, Low, 
Medium or High. These represent ranges 
commencing at about S5O0mV, 150mV, 
400mV and IV respectively. If no signal is 
detected, this condition is displayed in- 
stead. All the time that the computer is 
acquiring data, an asterisk flashes at the 
sampling rate. 


AMPLIFICATION CONTROL 


The characteristics of the VCA around 
ICla and IC1b, allow the gain to be adjus- 
ted by the amount of current flowing into its 
control node. This can be set by a resistor in 
series with the node. Four gain ranges are 
controllable through resistors R13 to R16 as 
selected by the multiplexer IC2. The multi- 
plexer is a gate that will allow a voltage 
through to a particular output. This is 
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routed by a binary code applied via data 
lines DAO and DAI to its control inputs at 
pins 9 and 10. Since there are two control 
inputs, there are four binary codes that can 
be used. 

With a low level expressed as “‘0” and a 
high level as “‘1”’, the codes are 00, 01, 10, 
11. Any of these codes will open the respec- 
tive gate to one of the resistors. The gate is 
connected so that a +5V level goes to the 
selected resistor, while the others remain in 
a high impedance state. The resulting cur- 
rent through the resistor then sets the VCA 
gain. 
Initially the software program opens the 
gate to the highest resistor value so that 
minimum gain is given. The output of IC1b 
is returned to the computer via the data line 
DA2. The computer examines the state of 
this line to see if it is going up and down, as 
it will if a sufficiently high signal is present 
from the test probe. If within a preset time, 
no signal is detected, the computer switches 
to the next lowest resistor, so increasing the 
gain. Once more DA2 is examined. 

If necessary the computer will continue to 
select increasing gain factors. If a signal is 
still not detected, this condition will be 
displayed on the screen as a series of 
asterisks in the relevant areas, and the 
computer will continue to search indefi- 
nitely until a response is found. 

When a signal has been detected, from the 
knowledge of the gain factor used, the 
screen displays the range into which the 
signal strength falls. This is indicated by an 
asterisk in the relevant screen box. Having 
done so it again examines the state of DA2. 
Since it is necessary to know the minimum 
amount of gain required to bring the probed 
signal up to strength, the computer selects 
the previous higher resistance range each 
time round the sampling loop. Then, as 
before, it will continue to increase the gain 
until a signal is acquired, or the time out 
factor reached. 





COMPONENTS ‘32: 





PULSE COUNT 
Resistors | , When signals are present on the DA2 line, 
R1,R8,R12,R16,R17 100k (5 off) they are squarewave pulses, and so can be 
R2,R3,R11,R15 10k (4 off) counted, irrespective of the injection 
R4,R13 200k (2 off) : mo source. Indeed in some instances it may be 
R5,R9,R10 1k (3 off) i GG an internal clock signal that is under exami- 
R6,R7 4k7 (2 off) nation. Once a signal has been detected on 
R14 33k q DA2, the computer counts the number of 
All |W +5% ‘times the line goes up and down within a set 
period. The count is then displayed both as 
Capacitors | a number, and as a bar graph. 
C1 C3,7;Cs 1p elect. 63V (4 off) This is not a true frequency conversion, 
C2 33 elect. 6V but can be used as a rough guide. For 
C4 1n8 polystyrene example on the PET, a count of two pulses 
C5 6n8 polystyrene represents a frequency of about 150Hz, 100 
C6 100n polyester pulses about 9kHz, and 255 pulses about 
16kHz. For the software though, this is 
Potentiometers about the maximum rate at which it can 
VR1,VR2 10k log. mono rotary (2 off) distinguish individual pulses. It will be 
VR3 100k log. mono rotary aware of frequencies above this rate, but 
several pulses may pass while it is process- 
Semiconductors ing just one of them. So the pulse count will 
IC1 LM13600 . effectively represent the sub-harmonics of 
IC2 4052 au high frequency signals, and intelligent inter- 
pretation to the bar graph must be given. 
Switches page 537 The VCA will in fact allow frequencies of at 
$1,S2 Miniature s.p.d.t. (2 off) least 1MHz to be detected. 


Miscellaneous | 
Printed circuit board and mounting clips; knobs (3 off); 16-pin i.c. socket (2 off); 
3-5mm jack socket; mono jack socket (3 off); interconnection lead and plug to AUDIO MONITORING 
suit computer. 


In addition to monitoring the screen for 
data on the probe condition, audio moni- 
toring is also available. After each batch of 
pulses has been counted, the computer 
sends a pulsed squarewave frequency onto 
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5 6 7 


Fig. 4. Layout and interwiring of the components mounted on the case. 


data line DA3. This frequency, and its 
duration, is varied in accordance with the 
gain range detected. Thus a series of bleeps 
varying in pitch and spacing is generated. If 
a signal is not detected the bleeps cease. 


Photographs of the screen display of two. 


tests using the Micro Tracer. 


MICRO-TRACER 


SIGNAL LEVEL 


PULSE COUNT 58 


FREQUENCY BAR GRAPH 
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DA3 feeds them to the low pass filter stage 
IClc and ICld. This smooths off the edges 
of the pulses, which in themselves are a bit 
harsh to listen to. The somewhat smoother 
output can be fed to an audio amplifier via 


Fig. 5. (above right) Wiring of the connec- 
tions to the BBC and Commodore 
computers. 


MICRO-TRACER 


SIGNAL LEVEL 


PULSE COUNT 28 
FREQUENCY BAR GRAPH 
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MICRO TRACER SOFTWARE 


168 
118 
126 
136 
14 
158 
166 
178 
188 
136 
266 
216 
228 
238 
246 
258 
268 


REM EE MICRO-TRACER FROGZ61 GSAUGe6. THIS PROG CAN BE USED WITH THE 

REM BEC. C64 AND PET COMPLITERS. BBC USERS SEE END NOTES BEFORE TYPING IN. 
REM Cé4 AND PET USERS TYPE IN AS PERF THIS LISTING. 

DATA1-PET USER: REM SUBSTITUTE RIGHT NO & NAME IN THIS LINE = 3-BBC 
GOTOzEa 

FORA=1 706 : D¢=D$+CHR# (CD : NEXT: YS=CHRE¢CHI+DS+D$+CHRECCD) : DS=CHRE CCH) +DE 


2-C64, 


PRINTDIS: TABC132; "SIGNAL LEVEL" 

ah £ Lee Feet ra eee Dec en me SEEN Men 

PRINT" | | | " 

PRINT" | HIGH | MET | LOW | POOR = |" 

PRINT" | | | r 

RINGS et ee er al ea ee 

PRINTTAB(S2); "PULSE COUNT" :PRINHTTABC49>; "FREQUENCY BAR GRAPH" 
POKEDRT, 251 :POKEZ*@>.4 

SYS¢SY) > PRINTY#: TABCS3) > PEEKC2¢199;CHRS¢CL>;" ": GOTO248 


STOP 
READAS : A=""AL (A$? - ONAGOSUB S96. 538.570 
PRINTCHRS*¢ CC); TABS 133) "MICRO- TRACER" > PRINTTABCS5 2; "LOADING" 


IFA<3THENS'=PEEK ¢ MM #256+PEERK (ML > : GOTO386 
-SY=HIMEM 
Ag="": FORC=6TO4 : AF=AS+CHRE C CPEEK( SY'+0) > :NEST : IFAS="TRACE" THEN348 


=$7-216: IFACSTHEMHI=INT¢B¢256> : LO=B-CHI #2569: POKEML, LO: POKEMM. HI : GOTO336 
HIMEM=B 
AS="TRACE" : FORC=6T04: POKECB+C). ASCOMIDSCA#,.C+1.19>°-NEXT:CLR 
DIMZ¢35: RESTORE : READAS : A='/AL CAF> : ONAGOSUBS96, 538,578 
IFAC 3THENS'=PEEK (NM? #256+PEEK ONL O45 > A=SY-1 > GOTOS7e 
S'Y=HIMEN+S : A=S''-1 
READBS : IFBS="*" THENIS& 
A=A+1: IF BES<"A" THEMPORER, VALC BS >: GOTOS?e 
IFBS="0UT" THEMB=O0UT : GOTO476 
IFB#="IN"THENB=IN : GOTO47a 
IF BS="DRT" THENB=DRT : feted 
IFBS="SCR1" THENB=SCR+679: GOTO4? a 
IFBS="SCR2" THENB=SCR+ 362 :GOTO4 7h 
IFLEFT#¢ BF, 19="2" THENB=VAL CMI DS¢ BE, 29> > POKER, 2¢B>: GOTOS7a 
IFBS="SEL" THEMPORKEA, SBL: GOTOS7a 
STOP ; 
HI=INT¢B/256> >LO=B-¢H] #256 >: POKER.LO:A=A+1 :POKEA.HI: 
REM PET USER 
Cl=17:CL= Peed 147° CH=13: 2(Gj= a. aS 
DRT=59459: IN=5945F : OUT=59471 :DAV=59 
SBL=42 : SCR=32 a H=146 


GOTO378 


3=3° ML=52 > MM=S3 
ISC=53464 : SRL=59466 


POKECTL, PEEK (CTL AND2270R1 6 :POKEOSC. 0: POKESRL. 15° RETURN 

REM Cé4 USER 

CD=17 > CL=157 /Cl=147 - CH=19: 2¢Gd=251 2201 S252: 262952593 :2659=254 > ML=55 > MM=56 
DRT=36579: IN=S6077 OUT=S65¢ 7 DAVS56589 :CTL=S6531 : OSC=36532 : SRL=S6583 


SBL=42 : SCR=1624:0=5 
REM BEC USER 
CD=16: CL=6 :CC=12:CH=38:S¢G9=112: 20195115: 20295114: 2059115: 0=148:SBL=42 
DRT=&FE62: IN=&FE6S : OUT=&FE6@ : DAY=&FE6D : CTL=&FE6B : OSC=&FE6S : SRL=&FE6A 
SCR=£7COG:POKECTL., PEEK CCTLIANDZ270R16:POKEOSC.@: POKESRL, 15: RETURN 
DATA126. 162.6.134,.21.134,.22,.164.26,.148,0UT.173.1N, 41, 4, 133.28.173, INs.41.4 
16,133, 24, 232.288, ede. 2He, 192. 4, 144. reer »166,6, 132,28, Se,5 36 


DATA197. 26. 203. 

DATAI32.22.166,6 

DATA162.1.173. IN. 41.4.197.20,.246,5,133.28, 200,169,SBL,. 153. SCR1,232.208,2 
DATA1I 32, 21.169. 32.208. edt. 32153.5CR1. 28S. 24e. 164.22. 132.28, 166, O.226 7a 
DATAZOS, 6, 169, SBL. ise, 22. 208.2. 169, 32.193. 50R2. 152.24, 105.9, 168. 232 sata, 4 
DATAZ@S. 231.163. 32.166, 20, 244,.4,14, 262. 266.252.133.235. 164, 22.169.32.153 
DATASCR2, 189-251, 141, DRT, 162, 132, 2164234 165.28, 141.0UT, 136.208, 253,9, &.141 
DATAOUT, 164.235.136.268 ,253.,164. 23. 208. 268, 253, 232.203. 225, 164,.22,.169,5BL 
DATAIS3, SCR2,.165,26.141.00UT. 40, 2,198, 20, 169,243,141, DRT. 83, 96,8, % 


5: POKECTL. 7: POKEOSC. @: POKESRL. 4: RETURN 


36 


B 


REM BEC USER HOTES 

REM THE BBC USES “?° INSTEAD OF “PEEK” AND “POKE’. THUS “POKEDRT.251° 

REM BECOMES “?DRT=251*°. FOR “PEEK” THE “?° CAN BE SUBSTITUTED DIRECTLY, 
REM THUS “PEEK(2¢19>° BECOMES “?¢2¢199%. “SYS¢SY>" BECOMES “CALL<¢S'>°. 


REM “CLR” BECOMES “CLEAR”. WHEN TYPING IN THE HORMAL EBC REQUIREMENTS FOR 
A SPACE BETWEEN SOME STATEMENTS SHOULD BE OBSERVED. IF NECESSARY’ SPLITTING 
LINES INTO TWO FARTS. GIVING THE @ND PART A LINE NUMBER INCREMENTED Bt 5. 
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the level control VR1. The amplitude is 
around 1V peak to peak at maximum. 


POWER SUPPLY 


The unit requires a 5V power supply, and 
draws only about 3mA. This can be readily 
supplied by the computer. The BBC has up 
to 100mA available on its user port, whilst 
the PET and C64 have cassette ports that 
can deliver up to 250mA and 100mA 
respectively. Alternatively a 5V p.s.u. can 
be used. 


ASSEMBLY 


The unit is housed in a box 15cm x 13cm 
x 4-5cm. The potentiometers are mounted 
21mm above the base, 30mm apart starting 
in the centre. Switches are at the same 
height, 20mm from the sides. The computer 
socket and its wiring can be selected to suit 
the computer lead used. The wiring shown 
for this socket should be regarded just as a 
guide. Fig. 3 shows the p.c.b. layout and 
wiring and Fig. 4 shows the interconnection 
of all other components. Connection details 
for the three computers are shown in Fig. 5. 


SOFTWARE PROGRAM 
The BBC, C64 and PET all have BASIC 


and machine code monitors that are practi- 


cally identical. The program has been writ- 
ten in PET BASIC, and the machine code is 
compatible with the 6502 and 6510 micro- 
processors. The main differences between 
the three machines are essentially only 
variations in memory locations and cursor 
control codes. The software listing gives all 
the information needed for entering the 
program into any of these three computers. 

Other computers can control the unit if 
they have normal 8-bit parallel data sockets 


‘ with an ATN handshake line. User Ports 


and IEEE 488 ports are suitable. The 
BASIC should be straightforward to trans- 
late for other machines. An assembly lan- 
guage code dump can be supplied if re- 
quired, so experienced programmers can 
translate the machine code for other proces- 
sors. The program requires just over 3K of 
memory. The machine code subroutine will 
automatically place itself at the highest 
memory location available. 


USE 


The unit will be of assistance in the 


checking of audio or digital circuits, and for 


frequencies between about 50Hz and at 
least 1MHz. Normally VR3 should be at 
maximum input level for signals below 5V. 
For signals greater than this, it should be 
reduced accordingly. The test probes and. 
sockets used are a matter of personal choice. 
For average signal strength examination, 
the leads of a multimeter will be adequate. 
For low level signals though, the probe lead 
should be screened to avoid mains hum 
pick up. Oscilloscope probes are ideal, and 
can be purchased separately from many 
suppliers. The probes are well screened and 
available with interchangeable clip or probe 
tips. 

The tracer can be used for checking 


- equipment that has ceased to function after 


previously working satisfactorily. It can also 
be used for trouble shooting on a newly 
assembled project. However, the need to 
use a trouble tracer can be minimised if the 
assembly has been carried out correctly and 
checked carefully in the first place. Be 
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BOOK 


SERVICE 


The books listed below have been 
selected as being of special interest to 
our readers, they are supplied from 
our editorial address (mail order only) 
direct to your door. 


DATA AND REFERENCE 


HOW TO IDENTIFY UNMARKED ICs 

K. H. Recorr 

Shows the reader how, with just a test-meter, to go 
about recording the particular signature of an unmarked 
i.c. which should enable the i.c. to then be identified with 
reference to manufacturers’ or other data. An i.c. 
signature is a specially plotted chart produced by mea- 
suring the resistances between all terminal pairs of ani.c. 
Chart Order code BP101 £0.95 


RADIO AND ELECTRONIC COLOUR CODES AND 
DATA CHART 

B. B. Babani 

Although this chart was first published in 1971 it 
provides basic information on many colour codes in use 
throughout the world, for most radio and electronic 
components. Includes resistors, Capacitors, transfor- 
mers, field coils, fuses, battery leads, speakers, etc. It is 
particularly useful for finding the values of old 
components. 

Chart Order code BP7 £0.95 


CHART OF RADIO, ELECTRONIC, 
SEMICONDUCTOR AND LOGIC SYMBOLS 

M. H. Babani, B.Sc.(Eng.) 

Illustrates the common, and many of the not-so-com- 
mon, radio, electronic, semiconductor and logic symbols 
that are used in books, magazines and instruction 
manuals, etc., in most countries throughout the world. 
Chart Order code BP27 £0.95 


TRANSISTOR RADIO FAULT-FINDING CHART 
C. E. Miller 

Used properly, should enable the reader to trace most 
common faults reasonably quickly. Across the top of the 
chart will be found four rectangles containing brief 
description of these faults, vis—sound weak but undis- 
torted, set dead, sound low or distorted and background 
noises. One then selects the most appropriate of these 
and following the arrows, carries out the suggested 
checks in sequence until the fault is cleared. — 

Chart Order code BP70 £0.95 


DIGITAL IC EQUIVALENTS 

AND PIN CONNECTIONS 

A. Michaels 

Shows equivalents and pin connections of a popular 
selection of European, American and Japanese digital 
i.c.s. Also includes details of packaging, families, func- 
tions, manufacturer and country of origin. 

256 pages Order code BP140 £4.95 


LINEAR IC EQUIVALENTS 

AND PIN CONNECTIONS 

A. Michaels 

Shows equivalents and pin connections of a popular 
selection of European, American and Japanese linear 
i.c.s. Also includes details of functions, manufacturer 
and country of origin. 

320 pages Order code BP141 £4.95 


INTERNATIONAL TRANSISTOR 

EQUIVALENTS GUIDE 

A. Michaels 

Helps the reader to find possible substitutes for a popular 
selection of European, American and Japanese transis- 
tors. Also shows material type, polarity, manufacturer 


and use. 
320 pages Order code BP85 £2.95 


Practical Blectronic 
Ruilding Blocks 
Reok 4% 





INTERNATIONAL DIODE 

EQUIVALENTS GUIDE 

A. Michaels 

Designed to help the user in finding possible substitutes 
for a large selection of the many different types of diodes 
that are available. Besides simple rectifier diodes, also 
included are Zener diodes, |.e.d.s, diacs, triacs, thyris- 
tors, OCls, photo and display diodes. 
144 pages Order code BP108 £2.25 


PROJECT CONSTRUCTION 


HOW TO GET YOUR 

ELECTRONIC PROJECTS WORKING 

R. A. Penfold 

We have all built projects only to find that they did not 
work correctly, or at all, when first switched on. The aim 
of this book is to help the reader overcome just these 
problems by indicating how and where to start looking 
for many of the common faults that can occur when 
building up projects. 

96 pages Order code BP110 £1.95 


HOW TO DESIGN AND MAKE 
YOUR OWN P.C.B.s 
R. A. Penfold 
Deals with the simple methods of copying printed circuit 
board designs from magazines and books and covers all 
aspects of simple p.c.b. construction including photo- 
y raphic methods and designing your own p.c.b.s. 

O pages ‘Order code BP121 £1.95 


_BEGINNER’S GUIDE TO BUILDING 


ELECTRONIC PROJECTS 

R. A. Penfold 

Shows the complete beginner how to tackle the practical 
side of electronics, so that he or she can confidently build 
the electronic projects that are regularly featured in 
magazines and books. Also includes examples in the 
form of simple projects. 

112 pages Order code No. 227 £1.95 


CIRCUITS AND DESIGN 


MICRO INTERFACING CIRCUITS-BOOK 1 
MICRO INTERFACING CIRCUITS-BOOK 2 

R. A. Penfold 

Both books include practical circuits together with details 
of the circuit operation and useful background informa- 
tion. Any special constructional points are covered but 
p.c.b. layouts and other detailed constructional informa- 
tion are not included. 

Book 1 is mainly concerned with getting signals in and 
out of the computer. Book 2 deals primarily with circuits 
for practical applications. 

Book 1 772 pages Order code BP130 £2.25 
Book 2 772 pages Order code BP131 £2.25 


A MICROPROCESSOR PRIMER 

E. A. Parr, B.SC., C.Eng., M.1.E.E. 

Starts by designing a small computer which, because of 
its simplicity and logical structure, enables the language 
to be easily learnt and understood. The shortcomings are 
then discussed and the reader is shown how these can 
be overcome by changes and additions to the instruction 
set. In this way, such ideas as relative addressing, index 
by phe etc., are developed. 

96 pages — Order code BP72 £1.75 


PRACTICAL ELECTRONIC 

BUILDING BLOCKS-BOOK 1 
PRACTICAL ELECTRONIC 

BUILDING BLOCKS-BOOK 2 
R. A. Penfold 
These books are designed to aid electronic enthusiasts 
who like to experiment with circuits and produce their 
own projects, rather than simply following published 
project designs. 

BOOK 1 contains: Oscillators—sinewave, triangular, 
squarewave, sawtooth, and pulse waveform generators 
operating at audio frequencies. Timers—simple mono- 
stable circuits using i.c.s, the 555 and 7555 devices, etc. 


Miscellaneous—noise generators, rectifiers, Compara-. 


tors and triggers, etc. 

BOOK 2 contains: Amplifiers—low level discrete and 
Op-amp circuits, voltage and buffer amplifiers including 
d.c. types. Also low-noise audio and voltage controlled 
amplifiers. Filters—high-pass, low-pass, 6, 12, and 24dB 
per octave types. Miscellaneous—i.c. power amplifiers, 
mixers, voltage and current regulators, etc. 

BOOK 1 /28pages Ordercode BP117 £1.95 
BOOK 2 1//2pages Ordercode BP118 £1.95 


HOW TO DESIGN ELECTRONIC 

PROJECTS 

R. A. Penfold 

The aim of this book is to help the reader to put together 
projects from standard circuit blocks with a minimum of 
trial and error, but without resorting to any advanced 
mathematics. Hints on designing circuit blocks to meet 
your special requirements are also provided. 

128 pages Order code BP127 - £2.25 


POPULAR ELECTRONIC CIRCUITS 
BOOK 1 


POPULAR ELECTRONIC CIRCUITS 

-BOOK 2 

R. A. Penfold 

Each book provides a wide range of designs for elec- 
tronic enthusiasts who are capable of producing working 
projects from just a circuit diagram without the aid of 
detailed eonstruction information. Any special setting-up 
procedures are described. 

BOOK 1 Temporarily out of print 

BOOK2 /60pages Ordercode BP98 £2.25 


A PRACTICAL INTRODUCTION TO 
MICROPROCESSORS 

R. A. Penfold 

Provides an introduction which includes a very simple 
microprocessor circuit which can be constructed so that 
the reader can experiment and gain practical experience. 
96 pages Order code BP123 £1.95 


HOW TO USE OP-AMPS 

E. A. Parr 

This book has been written as a designer's guide 
covering many operational amplifiers, serving both as a 
source book of circuits and a reference book for design 
calculations. The approach has been made as non- 
mathematical as possible. 

760 pages Order code BP88& £2.95 


COMPUTING 


THE ART OF PROGRAMMING THE ZX 
SPECTRUM 

M. James, B.Sc., M.B.C.S. 

It is one thing to have learnt how to use all the 
Spectrum’s commands and functions, but a very differ- 
ent one to be able to combine them into programs that 
do exactly what you want them to. This is just what this 
book is all about—teaching you the art of effective 
programming with your Spectrum. 

144 pages Order code BP119 £2.50 


AN INTRODUCTION TO PROGRAMMING THE 
COMMODORE 16 & PLUS 4 

R. A. Penfold 

Helps you to learn to use and program these two 
Commodore machines with the minimum of difficulty by 
expanding and complementing the information supplied 
in the manufacturer’s own manuals. 

128 pages Order code BP158 £2.50 


AN INTRODUCTION TO PROGRAMMING THE 
BBC MODEL B MICRO 

R. A. & J. W. Penfold 

Written for readers wanting to learn more about pro- 
gramming and how to make best use of the incredibly 
powerful model B's versatile features. Most aspects of 
the BBC micro are covered, the omissions being where 
little could usefully be added to the information provided 
by the manufacturer’s own manual. 

144 pages Order code BP139 £1.95 


AN INTRODUCTION TO PROGRAMMING THE 
ACORN ELECTRON 

R. A. & J. W. Penfold 

Designed to help the reader learn more about program- 
ming and to make best use of the Electron’s many 
features. Adds considerably to the information already 
supplied in the manufacturer’s own instruction manual. 
144 pages Order code BP142 £1.9 


AN INTRODUCTION TO PROGRAMMING THE 
ATARI 600/800 XL ¢ 

R. A. & J. W. Penfold 

Especially written to supplement the manufacturer's own 
handbook. The information supplied will help the reader 
to master BASIC programming and to make best use of 
the Atari's many powerful features. 

128 pages Order code BP143 £1.95 


AN INTRODUCTION TO PROGRAMMING THE 
AMSTRAD CPC 464 AND 664 

R. A. & J. W. Penfold 

The Amstrad CPC 464 or 664 running with Locomotive 
BASIC makes an extremely potent and versatile machine 
and this book is designed to help the reader get the most 
from this powerful combination. Written to complement 
rather than duplicate the information already given in the 
oe own manual. Also applicable to the CPC 
6128 


144 pages Order Code BP153 £2.50 


AN INTRODUCTION TO PROGRAMMING THE 
SINCLAIR QL 

R. A. & J. W. Penfold 

Helps the reader to make best use of the fantastic Sinclair 
QL’s almost unlimited range of features. Designed to 
complement the manufacturer’s handbook. 

112 pages Order code BP150 £1.95 


AN INTRODUCTION TO Z80 MACHINE CODE 

R. A. & J. W. Penfold 

Takes the reader through the basics of microprocessors 
and machine code programming with no previous know- 
ledge of these being assumed. The Z80 is used in many 
popular home computers and simple programming ex- 
amples are . for Z80-based machines including the 


Sinclair ZX-81 and Spectrum, Memotech and the Am- 
strad CPC 464. Also applicable to the Amstrad CPC 664 
and 6128. 

144 pages Order code BP152 £2.75 


AN INTRODUCTION TO 6502 MACHINE CODE 
R. A. & J. W. Penfold 

No previous knowledge of microprocessors or machine 
code is assumed. Topics covered are: assembly lan- 
guage and assemblers, the register set and memory, 
binary and hexadecimal numbering systems, addressing 
modes and the instruction set, and also mixing machine 
code with BASIC. Some simple programming examples 
are given for 6502-based home computers like the VIC- 
20, ORIC-1/Atmos, Electron, BBC and also the Commo- 
dore 64. 
112 pages Order code BP147 £2.50 
THE PRE-BASIC BOOK 

F. A. Wilson, C.G.1.A., C.ENG., F.1.E.E., F.1.E.R.E., 
F.B.1.M. 

Another book on BASIC but with a difference. This one 
does not skip through the whole of the subject and 
thereby leave many would-be programmers floundering 
but instead concentrates on introducing the technique by 
looking in depth at the most frequently used and more 
easily understood computer instructions. For all new and 
potential micro users. 

192 pages Order code BP146 £2.95 
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COMPUTING 


continued 


HOW TO GET YOUR COMPUTER PROGRAMS 
RUNNING 

J. W. Penfold 

Have you ever written your own programs only to find 
that they did not work! Help is now at hand with this book 
which shows you how to go about looking for your 
errors, and helps you to avoid the common bugs and 
pitfalls of program writing. Applicable to all dialects of 
the BASIC language. 

144 pages Order code BP169 £2.50 


AN INTRODUCTION TO COMPUTER 
COMMUNICATIONS 

R. A. Penfold 

Provides details of the various types of modem and their 
suitability for specific applications, plus details of con- 
necting various computers to modems, and modems to 
the telephone system. Also information on common 
networking systems and RTTY. 

96 pages Order code BP177 £2.95 


/ 


AN INTRODUCTION TO 
COMPUTER PERIPHERALS 
J. W. Penfold 


Covers such items as monitors, printers, disc drives,. 


cassette recorders, modems, etc., explaining what they 
are, how to use them and the various types and 
standards. Helps you to make sure that the peripherals 
you buy will work with your computer. 

80 pages Order code BP170 £2.50 


COMPUTER TERMINOLOGY EXPLAINED 
I. D. Poole 
Explains a wide range of terms that form the computer 


jargon used by enthusiasts. Includes a reference guide to 


the more commonly used BASIC commands. 


96 pages rder code BP 148 £1.95 


THE PRE-COMPUTER BOOK 

F. A. Wilson 

Aimed at the absolute beginner with no knowledge of 
computing. An entirely non-technical discussion of com- 
puter bits and pieces and programming. 

96 pages Order code BP11 £1.95 





RADIO 


AN INTRODUCTION TO RADIO DXING 

R. A. Penfold 

Anyone can switch on a short wave receiver and play 
with the controls until they pick up rip ysce but to find 
a particular station, country or type of broadcast and to 
receive it as clearly as possible requires a little more skill 
and knowledge. The object of this book is to help the 
reader to do just that, which in essence is the fascinating 
hobby of radio DXing. 

112 pages rder code BP91 £1.95 


INTERNATIONAL RADIO STATIONS 
GUIDE 


Completely revised and updated, this book is an invalua- 
ble aid in helping all those who have a radio receiver to 
obtain the maximum entertainment value and enjoyment 
from their sets. 

Clearly shown are the station site, country, frequency 
and/or wavelength, as well as the effective radiation 
power of the transmitter. 

128 pages Order code BP 155 £2.95 


TO ORDER 


Add 50p per order postage 
(overseas readers add £1, surface 
mail postage) and send a PO, 
cheque or international money or- 
der (£ sterling only) made payable 
to Everyday Electronics (quoting 


the order code and quantities re- 
quired) to EE & EM BOOKS 
SERVICE, 6 CHURCH 
STREET, WIMBORNE, DOR- 
SET. BH21 1JH. (Mail order 


only.) COU 
EEE 
PLEASE ALLOW 


28 DAYS FOR DELIVERY ‘ 


TELEVISION/COMPUTER 
FULL-TIME TRAINING 


(FULL TIME COURSES APPROVED BY THE BUSINESS & TECHNICIAN 


EDUCATION COUNCIL) 


2 YEAR 


BTEC National Diploma (OND) 


ELECTRONIC & 


COMMUNICATIONS ENGINEERING 


(Electronics, Computing, Television, Video, Testing & Fault Diagnosis) 


15 MONTHS 


BTEC National Certificate (ONC) 
ELECTRONIC EQUIPMENT SERVICING 


(Electronics, Television, Video Cassette Recorders, CCTV, Testing & Fault Diagnosis) 


15 MONTHS 


BTEC National Certificate (ONC) 
COMPUTING TECHNOLOGY 


(Electronics, Computing Software/Hardware, Microelectronic Testing Methods) 


9 MONTHS 


BTEC Higher National Certificate (HNC) 
COMPUTING TECHNOLOGY & ROBOTICS 


(Microprocessor Based Systems, Fault Diagnosis, ATE, Robotics) 


THESE COURSES INCLUDE A HIGH PERCENTAGE OF COLLEGE BASED 
PRACTICAL WORK TO EWHANCE FUTURE EMPLOYMENT PROSPECTS 


SHORTENED COURSES OF FROM 3 TO 6 MONTHS CAN BE ARRANGED FOR 
APPLICANTS WITH PREVIOUS ELECTRONICS KNOWLEDGE 


H.N.C. SEPTEMBER 1986 
FULL PROSPECTUS FROM 


LONDON ELECTRONICS COLLEGE (Dept EE) 
20 PENYWERN ROAD, EARLS COURT, 
LONDON SW5 9SU. Tel: 01-373 8721. 
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HELPING HANDS 
WITH MAGNIFIER 


£7.95 


‘C’ IRON — £5.75 


‘CS’ IRON — £5.95 
‘XS’ IRON — £6.20 “ 
‘TCSU1’ SOLDERING STATION ° 
£74.95 


PORTABLE GAS SOLDERING IRON 


TOTALLY PORTABLE 
FILLS IN SECONDS 
WITH ORDINARY 
LIGHTER FUEL FOR 
UP TO 60 MINS 
CONTINUOUS USE. 
TIP TEMPERATURES 
TO MAX. 400°C. 
SMALL SIZE 

175 x 19mm 


SPARE TIPS—£4.50 each 
SIZES—2:4, 3-2 & 4-Bmm 


hog ies NI-CAD BATTERY CHARGER 
: THIS BATTERY CHARGER IS SUITABLE FOR AAA, 
AA, C, D & PP3 TYPE NI-CAD CHARGING AND | 
CAN COPE WITH UP TO 4 OF EACH AA, C&D 
PLUS 1 x PP3 AT ANY ONE TIME. 


NORMALLY £5.17 


10 AD.C. BATTERY 

CHECKER/BUZZER 

AUDIO OUTPU 
TEST 
£11.76 


RELIANT 12V DC 
ELECTRIC DRILL 
£7.25 


MARCO TRADING 


HIGH STREET, WEM, 
SHROPSHIRE SY4 5EN 


£13.90 
MEETS ALL 
SAFETY 
STANDARDS 


DEPT.EE10, THE MALTINGS, 


TEL: (0939) 32763 TELEX: 35565 


ALLY 


10+ 85p each 

10+ £1.98 each 
10+ £2.10 each 
10+ £3.65 each 


2/6A — £1.95 
4-WAY LINE PLUG 431A — 30p 
LINE JACK CORD WITH PLUG — £1.25 


12V RECHARGEABLE UNIT 


AN ENCAPSULATED PACK OF 10x4Ah D SIZE 
NI-CAD BATTERIES IN A BLACK PLASTIC CASE. 
COMPLETE WITH INLET AND OUTLET SOCKET 
(XLR TYPE) AND FUSE HOLDER. THIS UNIT WHEN 
CHARGED GIVES 12V OUTPUT. ALTERNATIVELY 
THE UNIT CAN BE CUT OPEN AND THE CELLS 
REMOVED TO BE USED AS NORMAL D CELLS IN 
TORCHES, TOYS ETC. 

Approx. 245mm x 75mm x 75mm 


+ £1.85 P&P 


TRANSISTORS 


£4.50 


+ 15% VAT 


MU GITAL en | RECHARGEABLE BATTERIES (NI-CADS) 
£46.24 A RANGE OF NICKEL CADMIUM BATTERIES 
‘ WHICH WILL REPLACE DRY BATTERIES. CAN 


LCD MULTIMETER }BE QUICKLY AND EASILY RECHARGED USING 
£24.25 THE ABOVE NI-CAD CHARGER. 
AA — 95p each 


C — £2.14 each 
D — £2.30 each 
PP3 — £3.75 each 


2N3819 


MANY MORE LISTED 
IN CATALOGUE 


RESISTOR KITS 


1/4W_ 5 EACH VALUE (305) 
1/4W 10 EACH VALUE (7 10) 
1/2W 5 EACH VALUE (365) 
1/2W 10 EACH VALUE (730) 








HE search is on for a form of 

radiation which is predicted by 
theory but has so far never been detec- 
ted, despite years of attempts. This 
elusive quarry is gravitational radia- 
tion, and if it can be observed astrono- 
mers will have a brand-new way of 
looking at the universe. They will also, 
at last, be able to prove the existence of 
Black Holes. 

What is gravitational radiation? It is 
radiation emitted whenever a mass 
moves. Newton’s apple emitted gravi- 
tational radiation as it fell, but it was 
not until Einstein formulated his theo- 
ries of relativity that its existence was 
seen to be a necessary element in the 
universe. A gravitational wave is a 
ripple which travels through space- 
time, probably at the speed of light. 
When the ripple hits two masses which 
lie apart it either pulls them together or 
pushes them further apart, depending 
on whether they lie along the path of 
the gravitational wave or across it. 


DETECTION SYSTEMS 


In principle, this mechanical move- 
ment could be detected by means of 
transducers which turn it into an elec- 
tronic signal capable of amplification. 
The frequencies involved are for the 
most part quite low (10Hz-10kHz) so, 
on the face of it, detection should be 
easy. The fly in the ointment is the 
extreme weakness of the interaction 
between even a very strong gravita- 
tional wave and any matter it happens 
to pass through, such as a detector. A 
figure quoted recently in the science 
journal, Nature, illustrates the point. 
Cataclysmic events such as a super- 
nova explosion or the collapse of a star 
into a black hole in some remote part 
of the universe would generate gravita- 
tional waves which, on reaching the 
earth, would move a pair of masses 
spaced apart by one kilometre by an 
amount equal to a hundredth part of 
the nucleus of an atom. Not a lot! 

This explains the failure of early 
detectors to find any gravitational 
waves, despite some claims of success. 
The first detectors were solid, heavy 
bars, often of aluminium, suspended 
like quartz crystals at the points which 
allowed them to resonate freely when 
nudged by a passing wave. Electrical 
outputs were obtained by mounting 
piezo-electric transducers at strategic 
points on the bar, or monitoring its 
movements optically in some way. 
There is no lack of signals with such a 
detector, because it acts as an exqul- 
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-GRAVITATIONAL WAVES 


sitely sensitive seismometer and re- 
sponds to any vibrations which happen 
to be around. 

To distinguish real gravitational 
waves from seismic noises such as 
passing traffic, distant earthquakes, or 
the milkman depositing a bottle on the 
doorstep, two resonating bars were 
used, spaced well apart. A local signal 
(such as the milk bottle) then affects 
only one bar and can be disregarded. A 
distant seismic signal (such as an earth 
tremor) is likely to reach one detector 
an appreciable time before the other, 
since it travels through the earth only 
at the speed of sound. But a genuine 
gravitational wave, at the speed of 
light, hits both bars at virtually the 
same time. 


LASERS 


These first-generation detectors 
could only have detected gravitational 
waves from large astronomical events 
relatively close to the earth: in our own 
galaxy, say. But this sort of event is 
rare, and to have a reasonable chance 
of detecting even a few events per 
annum it is necessary to make detec- 
tors which are sensitive enough to 
observe waves from at least a reason- 
able number of more distant galaxies 
as well. Ideally, a gravitational detector 
should be sensitive enough to “‘see”’ as 
far as an optical or radio telescope, 
thus enabling astronomers to look back 
into space and time in gravitation just 
as they do with light and radio waves. 

To obtain this much-needed in- 
crease in sensitivity, some bizarre pro- 
posals have been made. One scheme 
was to use space vehicles to launch a 
sort of orbiting dumbell with two 
weights many kilometres apart joined 
together by a wire. A spring spliced 
into the mid point of the wire would be 









by George Hylton 


stretched or slackened by a passing 
wave and this could, in principle, be 
detected. 

It might be done, some day, but in 
the meantime plans are being made for 
some improved down-to-earth detec- 
tors. According to Nature these will use 
three masses, suspended like pendu- 
lum-bobs on cables. Each mass will be 
at the corner of a right-angled triangle 
whose sides are at least a kilometre 
long. Light from a laser will be reflec- 
ted back and forth from mass to mass 
and then to a photodiode. If everything 
is nice and steady all the reflected light 
will arive at the photodiode in phase, 
say. But if the mirrors move apart or 
together the phase will change and the 
output with it. 

In fact, with the two arms of the 
detector at right angles the effect of a 
passing wave is to shorten one arm 
while simultaneously lengthening the 
other. 


MIRROR TRICKS 


Even with this sort of detector the 
amount of relative movement is too 
small. Fortunately, the sort of gravita- 
tional waves which it is designed for, 
take some time—a millisecond or 
so—to pass. To increase their effect the 
laser beams are shunted back and forth 
many times before being passed to the 
photodetector. In this way the effective 
path length can be increased to tens or 
even hundreds of kilometres. The re- 
sulting increase in phase shifts, plus 
some very sophisticated signal process- 
ing, should just enable the detector to 
find a few “gravitational events” each 
year. If several detectors are set up, at 
different points on the earth, results 
can be compared and false alarms 
eliminated. 

If the laser beams travel through the 
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Proposed detection system for gravitational waves. 


Everyday Electronics, October 1986 





Artist's impression 
of the laser detection 
_ system 
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air as they hop from mass to mass, air 
movements will wreck the system by 
causing spurious phase shifts in the 
light. So the light will have to go 
through long vacuum pipes. 


USES AND SPINOFFS 


One may well ask, why bother? Why 
spend all this effort and cash on a 
search for waves which may not even 
exist and which are no use anyway? To 
astronomers and physicists it’s impor- 
- tant to confirm their existence and to 
check that they really do travel at the 
speed of light as Einstein assumed. The 
existence of black holes in the universe 
'1S8 now in great need of confirmation. 
By definition, a black hole is invisible. 
But a gravitational observatory could 
detect a black hole being formed from 
a collapsing star, or perhaps the swal- 
lowing up of stars by a black hole. 
These and other matters are academic 
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reasons for making gravitation detec- 
tors. Of course, once a detector is 
avialable it’s a good bet to expect it to 
detect many other things not predic- 


ted. After all, nobody expected quasars’ 


and pulsars: the radio telescope found 
them. 

Apart from scientific interest there 
are technological spinoffs. Some of 
these have arrived already. The fre- 
quency and wavelength of the laser in a 
gravitational wave detector must be 
stabilized to a high degree. This has 
been done and is being applied in other 
fields. To be able to shunt light back 
and forth many times without too 
much attenuation calls for mirrors of 
very good reflectivity. These have been 
designed. And the signal processing 
techniques needed to sort the very 
weak signals from noise are bound to 
find uses in radar or some other practi- 
cal technology. 

Who will be the first to produce 
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16 measuring ranges 






with each model. 
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AFFORDABLE ACCURACY 


Quality Multimeters from 


Cirkit _ 


. Analogue and 


Rotary Switched) - 
Digital Models ~ 


HB-102BZ 


HM-102BZ — Illustrated above. 20kQ/V 
DC. DC voltage range, 2-5-1000V; AC volts 
10-1000V; resistance, 1OkKQ-1MQ; DC 
current, 5-500mA + 104A; battery test and 
continuity buzzer.................0.. 
HM-1015 — Rugged, Pocket sized meter, 

for general purpose use ............... hie scsdtve £7.50 


Battery, Test Leads and Manual included 


unambiguous evidence that gravita- 
tional waves exist? There are plans for 
large triangular detectors in the USA 
and Scotland. The West Germans are 
also doing research. Perhaps the first 
detection will be of waves from a 
pulsar. A pulsar, being a rapidly rotat- 
ing mass, should emit gravitational 
radiation and this should fluctuate at 
the pulsar frequency, which is known 
from radio and optical observations. 
So it seems a good bet to try to detect 
the gravitational waves from a known 
pulsar. 

If you fancy a long shot there’s 
another and quite different possibility. 
It may be possible to detect very long 
wavelength gravitational radiation 
with an optical or radio telescope! Not 
directly, but from its effects on another 
heavenly body. There is a pulsar which 
bleeps very steadily with a period of 
just over a millisecond. It is so steady 
that it keeps better time than a quartz 
clock. But if very-long-wave gravita- 
tional radiation were to pass through it 
then the clock would gain or lose. Some 
astronomical catastrophes, it is 
thought, must generate gravitational 
waves with periods of months or years. 
By comparing the rate of the “milli- 
second pulsar’? with the best atomic 
clocks, over a long period, small gains 
or losses should be detectable. It is 
being done. So it’s just possible that the 
race to find gravitational radiation 
may be won by a traditional 
observatory. | LJ 
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0-1% Accuracy. Standard Model........... £39.50 

HC-6010 — 

0-25% Accuracy. Standard Model......... £33.50 * 
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0-25% Accuracy. TR Test Facility ........ £39.50 
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All models have full functions and ranges and 
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ranges — battery, spare fuse, test leads and 
manual. 
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... Simple clean-up for page select lines... data latch... 


O FAR in this series we have only consi- 
dered the user and analogue ports, 
which are probably the two most popular 
ones for user add-on purposes. The user 
port has a lot of helpful features and it is 
certainly very versatile, and it is a subject 
we will return to in later articles, but for all 
its good points it is basically just an eight-bit 
plus twin handshake line type, and this 
provides inadequate expansion possibilities 
for the more ambitious digital add-on’s. 
Similarly, the analogue port has a lot of 
good points, including four channel capabi- 
lity and good resolution, but it is inadequate 
for some purposes. It is not so much a lack 
of inputs in this case (a problem which is 
easily overcome as was shown in the previ- 
ous two articles), but the limited conversion 
rate of only about one hundred per second. 
Applications such as audio digitizing re- 
quire conversion rates of typically around 
three thousand to one hundred thousand 
per second. 


Port A has two handshake lines which are 
comparable to those of port B, but CA2 is 
only available via a simple buffer amplifier 
circuit, and can only operate as an output. 
CA1 connects direct to the printer port, and 
it is usable as a handshake input. 

Although there are restrictions on the 
ways in which the printer port can be 
utilized, it can be extremely useful in cases 
where the user port cannot provide suffi- 
cient digital lines. In particular, many appli- 
cations require an 8-bit input port with 
handshaking plus a separate 8-bit output 
port with handshaking. These requirements 
can be accommodated by having the user 
and printer ports respectively as the input 
and output ports. Fig. 1, in conjunction 
with Table 1, gives connection details for 
the printer port. 

It is possible to send data to the printer 
port in the Acorn approved fashion, but 
when using this port with user add-on’s it is 
normally much better to directly address 
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Fig. 1. The Printer Port pin numbering. 


Printer Port 


Fortunately the BBC machines are not 
short of ports, and extra digital and (or) 
analogue lines are easily added. The port 
usually brought into play for expansion 
purposes is the 1MHz Bus, but if only 
limited expansion is required there are 
alternatives which might be worthwhile 
considering. One of these is the Printer Port 
which might be tied up for its intended 
purpose, but which makes an excellent 
digital output port if it is not. 

As shown by the circuit diagram on page 
503 of the User Guide, the printer port is 
provided by port A of the 6522 VIA which 
also provides the user port. Port A has many 
features in common with port B, including 
eight general purpose digital input/output 
lines. However, there is a 74LS244 octal 
buffer on these lines which makes them only 
usable as outputs. 


the relevant registers of the 6522 VIA. The 
two registers of primary interest are the data 
direction and peripheral registers for port 


- A, and these are located at addresses &FE63 


and &FE61 respectively. 

As there is no point in setting any of the 
printer port data lines as inputs, &FE63 
should always be set to a value of 255 (all 
lines set as outputs). Data to be written to 
the port is sent to address &FE61 in just the 
same way that data for the user port is sent 
to address &FE60. Use of the printer and 
user port handshake lines is less straightfor- 
ward than that of the data lines, and it is 
something that will be dealt with in subse- 
quent articles. 


1MHz Bus 


Most computers have a general purpose > 


expansion port which gives access to the 


control, data, and address buses, plus a. 


Fig. 2. The 1MHz Bus pin numbering. 
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number of other useful lines. On the BBC 
machine this takes the form of the “1MHz 
Bus’, although this is not exactly a typical 
computer expansion port. a ar 
It gets its name from the fact that it has a 
1MHz clock signal and is intended for use 
with standard 6502 and 6800 peripheral 
devices, and not the high speed 2MHz 
types. It has to be remembered here that the 
BBC machines all have a 2MHz version of 
the 6502 microprocessor, and that the sig- 
nals on the 1MHz Bus have to be slowed 


Table 1: Printer Port Connection 
Details 





Pin No. Function Pin No. Function 





1 CA2 2 Gnd 
3 PAO 4s Gnd 
5 PA1 6 - Gnd 
7 PAZ 8 ~~ Gnd 
9 PA3 10 Gnd 
11 PA4 12 Gnd 
13 PAS 14 Gnd 
15 PA6 16 Gnd 
17 PA7 18 Gnd 
19 CA1 20 Gnd 
21 NC 22 Gnd 
23 NC 24 Gnd 
25 NC 26 Gnd 





down in order to make them suitable for the 
ordinary 1 MHz peripherals. 

Connection details for the 1MHz Bus is 
given in Fig. 2, in conjunction with Table 2. 
Most of the lines one would expect to find 
are available, with the obvious exceptions 
of the eight most significant address lines 
(A8 to Al5). There are two pages of the 
memory map available for user add-on’s 
(i.e. two blocks of 256 addresses), and these 
are pages &FC** and &FD**. 


Table 2: 1MHz Bus Connection 
Details 





Pin No. Function Pin No. Function 





1 Gnd 2 R/W 
3 Gnd 4 Clock 
5 Gnd 6 NNMI 
7 Gnd 8 NIRO 
9 Gnd 10  #NPGFC 
11 Gnd 12 NPGFD 
13 Gnd 14 NRST 
15 Gnd 16 AF IN 


17 Gnd 18 DO 
19 D1 20 D2 
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Rather than making the upper eight ad- 
dress lines available and having external 
address decoding, the 1MHz Bus helpfully 
_ provides two ready decoded outputs— 
“NPGFC” and “NPGFD”’. One of these 
pulses low when any address in the relevant 
address range is accessed, and these lines 
can be used to activate add-on’s connected 
to this port. By decoding them with the 
eight least significant address lines and the 
read/write line it would in fact be possible 
to have 512 input and 512 output devices 
operated from this port, although it is 
difficult to envisage anything like this level 
of expansion ever being required. 

Much of the available address range has 
been allocated by Acorn to specific add-on’s 
or types of add-on, and to maintain compa- 
tibility with other hardware designed to 
connect to the 1MHz Bus it is necessary for 
user add-on’s to be fitted into the appropri- 
ate address range. Of course, if you do not 
intend to use the 1MHz Bus with anything 
other than your own circuits, then there is 
no need to keep within the recommended 
address range, but otherwise you should 
only use addresses from &FCCO to 
&FCFE. . 

Note that this last address is not a 
misprint, and should NOT be &FCFF 
(which is apparently reserved for memory 
expansion purposes). This gives a total of 
some 63 addresses available for user de- 
vices, which is still far more than are ever 
likely to be needed in practice. 

When dealing with the 1MHz Bus you 
may occasionally come across references to 
“Fred” and “Jim’’. These are the nicknames 
_ given to pages &FC** and &FD** (respec- 
tively) of the memory map, for reasons best 
known to Acorn themselves. The page of 
memory reserved for internal input/output 


devices is &FE**, or “Sheila” in Acorn’s 


nomenclature. 


Clean-up Circuit 

There is a slight problem with lines 
NPGFC and NPGFD on the original Model 
B computers in that the process of slowing 
down the bus signals from 2MHz to 1MHz 
results in glitches on these page select lines. 
This problem is supposed to have been 
ironed out on the Model B+ and Master 128 
machines, and is certainly not present on 
my Master 128. 

On the Model B it is not difficult to over- 
come, and the simple circuit diagram of 
Fig. 3 is adequate in the vast majority of 
cases. This is just three 2-input NOR gates, 
with one used as such-and the other two 
connected to operate as a simple flip/flop. If 
you wish to use both NPGFC and NPGFD 
then they will require separate clean- “up 
circuits. 

There is a strange omission 'from the 
1MHz Bus in that there is no +5V output, or 
any form of power supply available come to 
that. Add-on’s to this port accordingly need 
to be either self-powered, or they must tap 
off power from one of the other ports that 
do provide a suitable output (the power 
port, user port, or whatever source happens 
to be most convenient). The same is also 
true of the printer port, but this would 
normally only be used in conjunction with 
one of the computer’s other ports anyway, 
and power can es be taken from this other 
port. 


Eight Bit Input 

If you examine the circuit diagram of the 
1 MHz Bus in the Model B’s User Guide you 
will find that the data bus is not derived 
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direct from the microprocessor, but is taken 
via a 74LS245 8-bit transceiver. The pri- 


_ mary purpose of this is to provide buffering 


so that several peripherals can be driven 
from the port if desired, and it also reduces 
the risk of any serious damage to the 
computer if a peripheral circuit malfunc- 
tions or is incorrectly connected to the port. 
The eight available bits of the address bus 
are also buffered incidentally. 

The inclusion of the 74LS245 on the data 
bus opens up the possibility of using the 
1MHz Bus as a simple 8-bit input port. It is 
not intended for use in this manner, but it is 
a perfectly legitimate way of utilizing this 
port. 


IC1= 7%4LS02 
PIN 7 TO OV, PIN 14 TO +5V 





Fig. 3. Circuit diagram for the simple clean- 
up for page select lines. 
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Fig. 4. Circuit diagram for adding a data 
latch to the 1MHz Bus. 


If you try reading the 1MHz Bus by 


reading any address in the relevant range 
(e.g. PRINT ?&FCOO) you should find that 


a value of 255 is returned. This is normally. 


the case when dealing with TTL input ports 
as TTL inputs that are left unconnected 
almost invariably float to the high state. 

If you try wiring some of the data inputs 
to earth this should not cause the computer 
to crash since the data bus signals are not 
normally present on these lines, and they 
are only connected through to the micro- 
processor when an address in the range 
&FCOO to &FDFF is accessed. If you try 
reading an address in this range again you 
should find that the returned value is the 
correct one for whichever inputs have been 
pulled low. 

-There is one minor problem in using the 
1MHz Bus as a simple input port, and this is 
due to the 74LS245 being a transceiver 
rather than a tristate buffer. What this 
means in practice is that any data written to 
the 1MHz Bus will appear momentarily on 
its data bus, and this would result in outputs 
driving outputs if a peripheral of some kind 
is feeding into these lines. Therefore, when 
using the 1MHz Bus in this way, care must 
be taken not to send any data to the port, 
and this should not really present any 
practical difficulties. 





Data Latch 


Although the 1MHz Bus will operate 
perfectly well as a simple 8-bit input, it can 
not operate as an output port without the 
aid of some external hardware. This is 
because the 74LS245 does not provide 
latching, and data sent to the port conse- 
quently only appears on the data bus very 
briefly. 

In order to use this port as an 8-bit output 
it is necessary to use an 8-bit latch with the 
latching pulse derived from NPGFC or 
NPGFD via the clean-up circuit described 
previously. Fig. 4 shows how a 74LS273 can 
be used as the data latch. 

By using both page select lines in conjunc- 
tion with two clean-up circuits (Fig. 3) and 
two data latches (Fig. 4) it 1s possible to 
have twin output ports (one accessed using 
any address in page &FC**, and the other 
accessed using any address in page &FD**). 

With the information provided here any- 
one with a reasonable knowledge of com- 
puter peripheral devices should have no 
difficulty in interfacing these devices to the 
1MHz Bus, but this is a subject we will 
return to in later articles for those who are © 
unsure about this topic. 

In next month’s article we will consider 
the important subject of using the printer 
and user port handshake lines, and the two 
timer/counters of the 6522 VIA. Directly 
addressing input/output circuits is not re- 
commended by Acorn as it will not work 
reliably when a second processor is in use. 
The approved way of accessing add-on’s 
will also be briefly described. 


If you have any comments or ideas for 
inclusion in the Beeb Micro pages, please 
send them to: Everyday Electronics, 6 
Church St, Wimborne, Dorset BH21 1JH. 
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AMPLIFIERS post £2 . ¢ 
150 watt Output, 4 Input Mixer gions WS RROD a5 occ fasgicichireresti ck £99 
150 watt Output, Slave 500 mv. Input ker Outputs... eee 
150 + 150 watts Stereo, 300 watt Mono Slave 500 mv. Inputs............... 

150 watt P.A. Vocal, 8 Inputs. High/Low Mixer Echo Sockét................... £149 
60 watt Mobile 240v AC and 12v DC. 4-8-16 ohm + 100v line............:..... £89 
Compact P.A. amp 20 + 20 Stereo or 40 watts MOno.............c:cccceseseseeees £65 
30 watt Guitar/PA Amplifier, 2 inputs...............0cccccccceeseseseseeseeesesees £59 PP £1 
30 watt COMBI, 12in. Speaker, Treble, Base etc...............ccccsceees £95 PP £5 
FAMOUS LOUDSPEAKERS FULLY GUARANTEED 
Mak Model i Price 

HIFAX £34 
GOODMANS  HBWOOFER _ 8in. 60 8 £14 £1 
BAKER DISCO/GROUP 10in. 50 8/16 £18 £2 
BAKER MID-RANGE 10in. 100 8 £27.50 £2 
BAKER DISCO/GROUP 12in. 120 8/16 £32 £2 
BAKER WOOFER 2in. 80 8 £25 £2 
GOODMANS DISCO/GROUP 12in. 120 8/15 £36 £2 
BAKER DISCO/GROUP 15in. 100 8/16 £39 £4 
H+H DISCO/GROUP 15in. 100 aoe £49.50 £4 
GOODMANS _ HP/BASS 15in. 250 £74 £4 
GOODMANS _ HPD/BASS 18in. 230 é £87 £4 







COMPACT FULL RANGE SPEAKER SYSTEMS size 24 x 17 x 12in. 
120 watts £95, 200 watts £115, 400 watts £165 each. Carr. £10. 
MID-N-TOP 300 watts add on system complete £130 each. Carr £10. 


DISCO CONSOLE Twin Decks, mixer pre amp £149. Carr £10. 
Ditto Powered 120 watt £199; or Complete Disco £299. Carr £30. 


MAINS TRANSFORMERS 
250-0-250V 60mA. 6.3V 2A 
350-0-350V 250mA. 6.3V 6A CT ‘ 

220V 25mA. 6V 1 Amp £3.00 220V 45mA. 6V 2 Amp 
LOW VOLTAGE TAPPED OUTPUTS AVAILABLE 

1 amp 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60V 
ditto 2 amp £10.50 

31 06-0.26- 31 volt 6 amp iam £2 
LOW VOLTAGE MAINS TRANSFORMERS £5.50 each po 

9V, 3A; 12V, 3A; 16V, 2A; 20V, 1A; 30V, 14A; 30V, BAt it 17 NV. 2A; 35V, 
2A; 20-40-60V, 1A; 12-0-12V, 2A; 20-0-2 V, 1A. 


PANEL METERS 50yA, ie A, 500yA, 1mA, 5mA, 100mA, 500mA, 1 a 

















2 amp, 5 amp, 25 volt, VU x2x 1h tin. £5.50 post 
MINI NI MULTI TESTER vols AC-DC, ohms, milliamps £8.50 
DELUXE RANGE DOUBLER METER 50K 0.P.V. £25.00 PP £1 






7 x 5 x 2in. Ohms 2: volts 0.25, 1000, Sento ne Oe. 
Ate cal CASES. Black Vinyl Covered Steel Top. All Base 

pee Nbc £3.00; 6x 4x Wy £4.00; Se oe £4.50; 11 x 6 x 3in. 

119 x 6 x 5in, £10.00; 15 x 8 x 4in. £13.50. 

rep ig tf wg 12 « 12in. £2.00; 14 x 9in. £2.00; 6 x 4in. 
4 65p; 12 x 8in. £1.50; 10 x Zin. £1.10; 8 x Gin. £1.00; 14 x 3in. @5p; 
12 x 5in. £1.00; 16 x 10in. £2.35; 16 x 6in. £1.50. 
ALUMINIUM BOXES. MANY OTHER SIZES IN STOCK ; 
4x 2} x 2in. £1.35; 3 x 2x lin. £1.15; 6 x 4 x 2in. £2.00; 8 x 6 x 3in. £3.40; 
12 x 5 x 3in. £4.00; 6 x 4 x 3in. £2.50; 10 x 7 x 3in. £4.00. 











HIGH VOLTAGE mage are ag 






20/500V........75p 220/400V ............ £2 324+32/500V o...sccccccccccsecee £2 
32/350V........ 4ep 348/450 eee B5p 32432/350V ...ncccrcceceeveee 85p 
47/350V........ 75p 20+20/350V .......75p 80+40+20/350V ............... 95p 





GEARED TWIN GANGS 365 + 365 + 25 + 25pf £2.00. 
REVERSE VERNIER cord drive 90p. Spindle Extender £1.50. 
VERNIER DIALS, 0:100, 36mm, £2.50, 50mm £3.00. 
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Satellite signals are received by two 3 
metre dish aerials at BT's telephone ex- 
change near Lords’ cricket ground. These 
signals are sent as light pulses on optic 
fibre to Westminster Cable’s headquarters 
at Baker Street. There the signals are 
‘topped and tailed’’ with pre-recorded 
material and announcements and sent by 
fibre link to BT’s Burn House in Marylebone 





FOR VOUR Hee 
ENTERTAINMENT 


BY BARRY FOX 








Wired Society 


Nothing is for nothing. Britain should 
have a direct broadcasting satellite service 
this year, run by the BBC. Then we were 
going to have a service jointly run by the 
BBC, the independent commercial TV 
companies and a gaggle of private com- 
panies like Thorn, Granada and Virgin. The 
best hope now is for a private commercial 
service, controlled from the IBA, by the 
end of the decade. There is no government 
aid to prime the pump. 

Meanwhile, France and West Germany 
are steaming ahead, with plans to launch 
direct broadcasting satellites by the end of 
this year or early in 1987. The recent 
Ariane rocket launcher crash may delay 
things, but the will is still there. Heavy 
Government subsidies make it possible. 

By now Britain should also have been 
well on the way to becoming a wired 
society, with cable stations offering not 
just entertainment but interactive video 
services as part of the information tech- 
nology revolution. That also hasn't hap- 
pened. There is no Government money to 
subsidise cable so all but one of the 
systems being installed use the bare mini- 
mum technology. They offer passive, 
dumb viewing of entertainment TV. 

In February 1982 the Prime Minister's 
own ITAP committee (Information Tech- 
nology Advisory Panel) recommended that 
Britain should wire up with hi-tech interac- 
tive systems. The IT AP committee and its 
ideas are dead meat. France has started to 
wire for the future. Holiday resort Biarritz is 
wired with optical fibre as an experiment. 
Residents can have a videphone, free, if 
they want one! 


Switched Star 


In Britain only British Telecom is spend- 
ing money on cable as an IT (Information 
Technology) tool. BT is now subsidising a 
£1 million experiment by London Univer- 
sity to use interactive television as a way 
of linking its London colleges, twenty-four 
hours a day, seven days a week. The 
technology used is ‘‘switched star’’. This 
was developed by BT’s Martlesham re- 
search laboratories when the _ British 
Government followed the ITAP line and 
encouraged new cable stations to install a 
switched star network. 

Switched star works like this. A wide 
bandwidth trunk line, of optical fibre, car- 
ries all the available services and pro- 
grammes. Local switch boxes, e.g. one 
per street, convert the optical signals into 
electrical signals. A few at a time are run 
by copper coax. into the subscriber's 
home. The subscriber chooses which sig- 
nals come into the home by sending digital 
control signals to the local switch box. 

This differs from the traditional “‘tree 
and branch’’ system, in which the main 
tree trunk line carries all the programmes 
on offer and the branch lines carry off most 
or all of these programmes to individual 
homes. This limits total system capacity. 
Also it is much more difficult to send 
signals back up the cable link from the 
viewer's home to the cable station. 
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Window Shopping 


So far only one cable station is using 
switched star. That’s Westminster and BT 
is subsidising the installation. The London 
University network, to be called Livenet, 
will link up with the Westminster station, 
to offer home education by cable TV. 

The investment will provide BT with a 
shop window to help sell its switched star 
technology abroad. The only way you can 
sell the concept of interactive cable is to 
show it working. BT is hoping that other 
countries will buy the technology which 
Britain developed, but cannot afford to 
use. BT is also taking advantage of the 
construction work going on in Westmin- 
ster to sell the idea of cable to the public. If 
the experiment fails Britain may never be 
cabled for anything more than wall-to-wall 
TV entertainment. 

The Starship, a converted luxury holiday 
home, tours the streets of St. John’s 
Wood and Maida Vale in London. The 
Starship was imported from the US and 
converted by Westminster Cable to dem- 
onstrate the kind of TV programme which 
some people in the area can now buy 
through a cable link. Wherever possible it 
is parked next to any hole in the road 
where Telecom engineers are laying cable. 

BT claims that the switched star system 
now being laid in Maida Vale, St Johns 
Wood and Baker Street is the most ad- 
vanced large-scale cable TV system in the 
world. It gives each subscriber an indivi- 
dual choice of programming. In the future 
Westminster subscribers should be able 


to send a full TV channel back up the same 


cable link to the cable station control 
room. They will then be able to install a TV 


camera for remote security surveillance, . 


like. burglar, fire or baby watching, while 
they are out. But so far, because the 
buying public has shown far less enthu- 
siasm for interactive cable than IT AP or the 
Government anticipated, Westminster is 
only offering a choice of passive entertain- 
ment channels. 

Westminster Cable will not say how 
much it is costing to install in the test bed 
area of London. But 4 years ago BT tested 
the technology on 18 homes at Milton 
Keynes. The cost per home, with full optic 
fibre links, was £1800 for each house. 

Installing a simple all-coaxial system, 
with no switching, has been costing Thorn 
EMI around £300 per home in Swindon. 
That’s why the company has been trying 
to sell off its Swindon cable operation to 
BT. There are not enough customers to 
make even the simple system pay. 

Best estimate is that BT and Westmin- 


' ster are paying around £500 a home for 
‘their mixed optic/coaxial system. It is only 


viable because BT needs somewhere to 
show off the technology which Martle- 
sham developed. 

So far only a few hundred homes are 
connected but as BT lays more fibre and 
coax. the system will reach 96,000 
homes, 32,000 businesses and 55,000 
hotel beds. Already Grosvenor House and 
The Savoy hotels are plugged in. Subscrib- 
ers pay around £5 a week for 24 channels 
of TV. . 


Road. 

The full menu of 24 channels is distrib- 
uted by fibre to 4 hub sites. Each hub site 
sends the same full menu of signals out to 
10 wideband switch points (WSP) where 
the signals are converted from light to 
electricity. Each WSP serves up to 300 
subscribers via a coaxial link in response to 
the subscriber's control signals. 

The WSP can send two feeds to each 
home on a single coax. cable. In this way a 
TV set can have a programme listing 
available for display or the subscriber can 
watch one channel while taping another. 

The control pulses can be used to send 
more complex information back to the 
switch points, for instance voting signals 
in a quiz game or election. But this is for the 
future, like the installation of a video 
camera in the subscriber's home sending 
picture signals to the local police station. 


Livenet 


Exactly the same type of technology, to 
be called Livenet, is used by London 
University. A computer-controlled switch 
at the centre of the star configuration will 
send and receive TV signals and data 
between Imperial College, King’s College, 
Queen Mary College, Royal Holloway and 
Bedford New College, University College 
and London University’s Computer and 
Audio-Visual Centres. 

The 37 kilometre run out to Royal 
Holloway in Egham will be by monomode 
optic fibre, with one repeater station. The 
shorter runs will use multi-mode fibre. 

Each connection has two separate fi- 
bres, to carry four video channels and one 
data channel into and out of each college. 
The switch can handle 28 video channels 
in any combination, so that a lecturer in 
one college will be able to teach pupils in 
one or more of the other colleges, while 
receiving pictures of the pupils and their 
work in return. 

The video channels are analogue f.m. 
signals, stacked in frequency. The data 
channel can carry a 2 megabit/second 
stream of computer text or programming. 
If this is insufficent, any video channel can 
be sacrificed and used to carry an 8 
megabit/second data stream instead. The 
video pictures are sourced from cameras, 
either pointing at a teacher or class, built 
into a microscope or set up to transmit 
pictures of diagrams or text. 

Although the signals are being carried 
between colleges as light on optical fibres, 
they are converted back into electricity and 
carried by copper coax. once they enter 
the college. In the future, however, the 
light link may be extended’ around the 
college as an optical fibre network capable 
of carrying a much larger number of data 
and video channels. 

This is exactly what the 1982 advisory 
panel had in mind for Britain. But although 
BT currently operates eight cable stations 

_in Britain, ranging from a large network in 
Milton Keynes to a small system at the 
Barbican, London, they are all (except 
Westminster) using simple tree and 
branch technology. 
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STEAM RADIO 

Railway buffs visiting the 25th anniver- 
sary celebrations of the Great Western 
Society, at Didcot Railway Centre, at the 
end of May, had an opportunity to see 
amateur radio in action. Located in an ex- 
GWR director's saloon coach, special 
event station GB4GWR, manned by 
members of the Vale of White Horse 
Amateur Radio Society, made many con- 
tacts while steam locomotives literally 
puffed their way past the windows of the 
Carriage. 

Stations throughout Britain, and over- 
seas, contacted Didcot over the air, using 
both speech and Morse code. Many of the 
callers were ‘‘old-timers’’ who as _ pas- 
sengers, or as railwaymen, well recalled 
the days when steam railways were part of 
everyday life. A number of these operators 
subsequently visited the Centre during the 
week-long celebrations, to collect their 
commemorative QSL cards personally 
from the radio station. 

The amateur radio society has strong 
links with the railway society, and has 
mounted similar demonstrations on a 
number of occasions. Amateur TV trans- 
missions are demonstrated from the foot- 
plates of working locomotives, and con- 
tacts made over the air from the footplate, 
on the 2 metre band, are verified by OSL 
cards signed by both the engine driver and 
the fireman! | 

More information about the Vale of 
White Horse ARS and its activities is 
available from John O'Hagan, G4PFY, on 
Wantage 66458. As ever, newcomers to 
the hobby are made welcome. 


AMATEUR HONOURED 

Mr Shozo Hara, JA1AN, has been 
awarded a ‘‘Ranjuhosho’’, a Blue Ribbon 
Medal, the highest honour for meritorious 
service or achievement awarded by Japan 
to a private citizen. His award is for 
distinguished service in the telecommuni- 
cations world, and particularly his promo- 


Located in a GWR coach, the Great Western Society's ‘‘shack”’ 
was manned by members of the Vale of White Horse ARS. 
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tion of amateur radio in Japan for the past 
three decades. 

His interest in the hobby goes back to 
1939, and after the second world war he 
led a campaign to re-establish amateur 
radio in his country. This was successful in 
1952, and today there are something like 
half a million amateurs in Japan. 

He was also instrumental in re-crganis- 
ing the Japanese Amateur Radio League, 
the country’s national amateur radio so- 
ciety, and has been its president since 
1970. The award is a well deserved 
recognition of his work on behalf of ama- 
teur radio. 


DANISH EMERGENCY GROUP 

Radio amateurs in Denmark have formed 
a new emergency service which is inten- 
ded to function in the same way as our 
own Radio Amateurs Emergency 
Network, RAYNET, providing national or 
international emergency communications, 
assisting civil authorities, welfare organi- 
sations, or police, whenever needed. 

Known as_ Radioamatorernes Signal 
Tjeneste, or RST, an appeal has been made 
by them to groups in other countries for 
details of their organisation, procedures, 
manuals, etc., to help the embryo service 
learn from the experience of others. 

This item, from Region 1 News of the 
International Amateur Radio Union (IARU), 
reflects the official view of the Interna- 
tional Telecommunication Union, the inter- 
national radio regulatory body, that natio- 
nal administrations should use the amateur 
radio bands and, if necessary, amateur 
stations, to provide for the needs of 
international disaster communications. 

To prepare for this eventuality, national 
societies everywhere were asked recently, 
by Richard Baldwin, W1RU, President of 
the /ARU, to work towards setting up 
trained emergency communications 
corps,.if they did not already have them. 
The Danish initiative is a direct response to 
that request. 
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QUESTION CORNER 

Q. What is Jamboree-on-the-Air? 

A. Amateur radio and the Scout and Guide 
movements have one thing very much in 
common. All are dedicated to the ideals of 
international friendship, each in their own 
way seeking to overcome the artificial 
barriers between the different peoples of 
the world. : 

An international gathering of Scouts is 
called a Jamboree, and one weekend a 
year Radio Amateurs, Scouts and Guides, 
combine to create a Jamboree-on-the-Air, 
known universally as JOTA. Amateurs 
make their stations available to Scout and 
Guide groups. They are set up in headquar- 
ters or camps, and sometimes the ama- 
teurs happen to be Scouts as well. 

Greetings are passed from group to 
group by the operators, or by the Scouts 
and Guides themselves. Until 1982, British 





k 29th Jamboree-on-the-air = 


2, 
caaaat*? 
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oO) 29e Jamboree-sur-les-ondes 





The Amateur Radio, Scouts and Guides 
JOTA logo commemorating the 1986 
‘“Jamboree-on-the-Air’’. 


participants were at a disadvantage com- 
pared to those in other countries, as only 
licensed operators were permitted to 
speak on the air. That year, on an experi- 
mental basis, and under the control of the 
licensee, non-licensed persons were al- 
lowed to speak into the microphone of a 
special event station, i.e. one with a GB 
call-sign, to send simple greetings to other 
amateur stations within the UK. 


The GB4 GWR OSL card showing its. links with the past age of 
‘‘steam’’ locomotion at the Didcot Railway Centre. 


GB4 


‘GWR 
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It was a step forward, which at least 
allowed British Scouts and Guides to 
speak to each other over the air during 
JOTA. Just before last year’s event, a 
further concession was announced by the 
DTI, extending the experiment to contacts 
with Canada, the USA, and the Falklands, 
while negotiations continued in the hope of 
obtaining similar arrangements with Aus- 

tralia and New Zealand. 


7000 STATIONS 

Last year there were over 350 specially 
licensed GB stations operating in conjunc- 
tion with Scout and Guide groups in Bri- 
tain. Australian participation is one of the 
highest in the world, and they had 551 
stations, using 1140 different call-signs, 
logging 6297 contacts. Worldwide, some 
7000 stations take part in JOTA, in about 
100 countries, and it is estimated that well 


over 100,000 Scouts and Guides partici- 
pate in one way or another. 
_ There are no special rules. It is simply an 
opportunity for Scouts and Guides from 
different countries, or different parts of the 
same country, to make contact with each 
other, and extend the hand of friendship 
through the medium of amateur radio. 

Involvement in the operation of the 
station adds interest to the occasion. They 
can keep the station log, recording details 
of each contact made, identify countries 
from their call-signs, and locate the places 
they speak to on a map. They can discover 
from ‘‘beam headings’’, the direction in 
which a rotatable antenna radiates most 
power, that the best route from one point 
to another on the globe is not always what 
they would expect. 

For Scouts and Guides in some coun- 
tries, this is the only international event in 


which they are ever likely to take part, and 
it is especially valuable to them in empha- 
sising the worldwide nature of their 
organisations. 

This year sees the 29th JOTA. Back in 
1957, it was the brainchild of Scout- 
Amateur Les Mitchell, G3BHK, following 
the World Jamboree at Sutton Coldfield, 
where an amateur station, GB3SP, was 
organised by another Scout, Alan Dennis, 
G3CNV, assisted by local radio clubs. 

Following that, the first Jamboree-on- 
the-Air was held in 1958, when it became 
an Officially listed annual Scouting event. 
Les» Mitchell undertook its organisation, 
and in 1959 it became the responsibility of 
the World Scout Bureau in Geneva. Les is 
still national UK organiser and, as you will 
hear, if you tune the amateur bands on 18- 
19 October, his original inspiration has 
gone from strength to strength. 








s/hand. Disk user contact appreciated. 
Offers many utilities. S. E. Motte, 16 Quai 
de Biestebroeck 1070 Brussels, Belgium. 


Acoustic Research AR2AX speakers 
parts wanted: tweeters and 10in base 
speaker. Please write to: Mark Howarth, 
Manor Court, Northfield Lane, Horbury, Nr. 
Wakefield, W. Yorks. WF4 5DW. 


Sell or swap Spectrum Plus and ZX80. 
Offers. Also Paterson Darkroom Exposure 
Meter and Computerised Flashgun. Mr. R. 
Mackay, Brocarobbie Brora, Sutherland, 
Scotland KW9 6NE. Tel: 0408 21870. 


Wanted user manual for D52 Telequip- 
ment/scope or any information on it. Mr. 
P. G. Topping, 100 Longhill Road, Oving- 
dean, Brighton BN2 7BD. Tel: Brighton 
(0273) 31517. | | 


Maplin Frequency Counter for sale. 
10Hz—600MHz. 8 digit. Variable time 
gate. With manual £135 o.n.o. Mr. D. 
Pratt, 2 Slades Lane, Helme Village, 
Meltham, Huddersfield, W. Yorks. 


NN i curt rien iGiks sliceanenn cease ise 
COUPON VALID FOR POSTING BEFORE 17 OCTOBER, 
1986 (One month later for overseas readers.) 


SEND TO: EE MARKET PLACE, EVERYDAY ELECTRONICS, 
6 CHURCH STREET, WIMBORNE, DORSET BH21 1JH. 
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FREE! READERS’ BUY & SELL SPOT 


PAARKET PLACE 


Offer £8 to help find disk interface ZX81 , 





Don’t throw away your copy of Everyday 
Electronics April 1986—I need it. Good 
price paid. Mr. G. Jones, 56 Fernleigh 
Road, Winchmore Hill, London N21 3AH. 
Tel: 01-886 4088. 


Would anyone send back numbers to an 
electronics class for unemployed boys in 
Sri Lanka? Details from: Mr. & Mrs. Han- 
son, 80 Clapham Common North Side, 
London SW4. Tel: 01-288 0529. 


Wanted copy of How To Build Your Own 
Working Microcomputer by Charles K. 
Adams. Mr. M. Williams, 23a Bushby 
Avenue, Rustington BN16 2BY. Tel: 0903 
771074. 


Wanted Everyday Electronics April 86 or 


photocopies Teach In and Project 7. Will 
pay good price. Please help. J. J. Schuur, 
47 Wimbledon Park Road, London SW 18 
5SJ. Tel: 01-874 9887. 


Forces transmitter T1154L 200KC to 
3MC as new, in transit case. Also R109 
receiver. Offers. Mr. E. Gosling, 9 Wood- 
croft Drive, Eastbourne BN21 2XN. Tel: 
503651. ; | 











BLOCK CAPITALS PLEASE 


RULES Maximum of 16 words plus ad- 
dress and/or phone no. Private advertisers 
only (trade or business ads. can be placed 
in our classified columns). Items related to 
electronics only. No computer software. 
EE cannot accept responsibility for the 
accuracy of ads. or for any transaction 


arising between readers as a result of a free 
ad. We reserve the right to refuse adver- 
tisements. Each ad. must be accompanied 
by a cut-out valid ‘‘date corner’. Ads. 
will not appear (or be returned) if these 
rules are broken. 





Back Issues Everyday Electronics vo- 
lumes 1 to 10. Unbound. Very good 
condition (some with ‘‘freebies’’ still at- 
tached). offers. Jon Hurn, 10 Queens 
Mansions, West End Lane, West Hamp- 
stead, London NW6 1UT. Tel: 01-431 
1420. 


Wanted plans for O—25V variable power 
supply or O—5OV variable unit. Mains oper- 
ated. Also component lists. Gary Cullen, 
80c Pitkerro Drive, Linlathen, Dundee, 
Scotland. Tel: 0382 451594. 


Wanted Teletext decoder in kit p.c.b. or 
ready built form. J. Heywood, 19 Moly- 
neux Road, Maghull, Liverpool L31 3DX. 


30 Watt axioms in #in chipboard reflex 
cabinets £80 the pair. Any time, but NOT 
Saturdays. P. Cheetham, 35 Lewis Street, 
Walsall, W. Midlands WS2 8JY. 


Changing Hobby. Many components 
—all must go including some panel meters 
and displays. SAE for details. S. R. Smith, 
The Bungalow, Thorns Primary School, 
Thorns Road, Quarry Bank, W. Midlands 
DY5 2JY, or Tel: Lye 2077. 


Please read the RULES then write your advertisement here— 
~ one word to each box. Add your name, address and/or phone no. 


Please publish the following small ad. FREE in the next available 
issue. | am.not a dealer in electronics or associated equipment. | 
have read the rules. | enclose a cut-out valid date corner. 











PCB SERVICE 


Printed circuit boards for certain constructional projects are now 
available from the PCB Service, see list. These are fabricated in glass- 
fibre, and are fully drilled and roller tinned. All prices include VAT and 
postage and packing. Add £1 per board for overseas airmail. 
Remittances should be sent to: The PCB Service, Everyday Electronics 
and Electronics Monthly Editorial Offices, 6 Church Street, Wimborne, 
Dorset BH21 1JH. Cheques should be crossed and made payable to 
Everyday Electronics. (Payment in £ sterling only.) Microwave Alarm System 8408-01 £4.36 

Please note that when ordering it is important to give project title as well Temperature Interface—BBC Micro 8408-02 £2.24 


as order code. Please print name and address in Block Caps. Do not __ SEPTEMBER ‘84 — 
send any other correspondence with your order. Opie Power Supsly 8409-01 £3.45 


Readers are advised to check with prices appearing in the 
current issue before ordering. Micro Memory Synthesiser _ Ocz +g, | 8410-01" £8.20 
~ | Drill Speed Controller 8410-04 £1.60 


8411-01 £2.90 
8411-02 £2.05 


8412-01" £1.60 
8412-02/03) £5.20 
8412-04 £2.78 






Simple Loop Burglar Alarm 8405-01 
Computer Controlled Buggy V./.7. Part 717 
Interface/Motor Drive 
Collision Sensing — MAY ‘84 — 


Power Supply 

















8405-02 
8405-03 
8405-04 

















8406-01 
8406-02 
8406-03 
8406-04 


Infra-Red Alarm System 

Spectrum Bench PSU — JUNE ‘84 — 
Speech Synthesiser V./.7. Part 712 

Train Wait 
























Ultrasonic Alarm System 8407-01 
Electronic Code Lock — JULY ‘84 — 
Main Board | 


Keyboard 







8407-03 
8407-04 





— AUGUST ‘84 — 








NOTE: Please allow 28 days for delivery. We can only supply 
boards listed in the latest issue. 


PROJECT TITLE Order Code 


— JULY ‘83 — 
User Port Input/Output 7./.7. Part 7 8307-01 £4.82 
User Port Control V./.7. Part 7 8307-02 £5.17 3501-02 £1.86 


— AUGUST ‘83 — 8501-03 £1.70 


Storage ‘Scope Interface, BBC Micro 8308-01 7 
Car Intruder Alarm 8308-02 Computerised Train Controller FEB'85— | gso2.02 | £3.38 
High Power Interface V/./.7. Part 2 8308-03 


Pedestrian Crossing Simulation M./.T. Pt 2 8308-04 — MARCH ’85 — 
__ SEPTEMBER '83 — Model Railway Points Controller . 8503-01 £2.18 


High Speed A-to-D Converter M./.T. Pt 3 8309-01 
Signal Conditioning Amplifier ./.7. Pt 3 8309-02 pail eal — APRIL ‘85 — | 820"-02 roe 
Stylus Organ 8309-03 

— OCTOBER ‘83 — 


D-to-A Converter V./.7. Part 4 
High Power DAC Driver V./.T. Part 4 


— NOVEMBER ‘84 — 
BBC Audio Storage Scope Interface 
Proximity Alarm 










TV Aerial Pre-Amp. 
Digital Multimeter — DEC ‘84 — 
Mini Workshop Power Supply 


















Power Lighting Interface 8501-01 £8.23 
Games Timer — JAN ‘85 — 


Spectrum Amplifier 


Auto Phase 8505-01 
Amstrad CPC464 Amplifier 
Mains Unit — MAY ‘85 — 8505-02 
Micro Unit 8505-03 
Voltage Probe 8505-04 


— NOVEMBER ‘83 — 
TTL/Power Interface for Stepper Motor 
M./.T. Partt5 | 8311-01 
Stepper Motor Manual Controller 


Graphic Equaliser — JUNE ‘85 — | 8506-01 
Computerised Shutter Timer 8506-02 
MALT: Part 5 8311-02 Mono-Bi-Astables (Experimenters Test Bed) 8506-03 


Speech Synthesiser for BBC Micro 8311-04 Across The River . 8506-04 


— DECEMBER ‘83 — | Amstrad User Port — JULY ‘85— | 8507-01 £3.17 
4-Channel High Speed ADC (Analogue) _ Nascom Printer Handshake 8507-02 £1.90 


M.1.T. Part6 | 8312-01 





















4-Ch | High ADC (Diaital Electronic Building Blocks—1 to 4t 8508-01 
SU SR ra er ieee haa Tremolo/Vibrato 8508-02 
Environmental Data Recorder 8312-04 Stepper Motor Interface— AUGUST ‘85 — | 8508-03 








Drill Control Unit 8508-04 





Continuity Tester 8312-08 







— SEPTEMBER ‘85 — 


— JANUARY ‘84 — ie 
RIAA Preamplifier Input Selector 


Biological Amplifier ./.7. Part 7 8401-02 
Toae. + eae 5 ae for ZX Comprs Transducers Resistance Thermometer 8509-03 £2.64 


Analogue Thermometer Unit 8401-03 Transducers Semiconductor Temp. Sensor | 8509-04 i242 


Analogue-to-Digital Unit 8401-04 oan ; 
G S Roar 8401-06/07 Transducers Strain Gauge — OCT ‘85 — 501 £2.87 
sel di Str oehb ch / Soldering Iron Power Controller 504 £2.09 


— FEBRUARY ‘84 — 
Transducers— — NOV ‘85 — 
Magnetic Flux Density Amplifier £3.93 | 
Hallowe'en Projects (single board price) £2.68 


Oric Port Board V./.T. Part 8 8402-02 
Electronic Building Blocks — 5 to 8t 508 £3.07 


Negative lon Generator 8402-03" 
Temp. Measure & Control for ZX Comprs 

Opto Intensity Transducer — DEC ‘85 — 509 £2.70 
Digital Capacitance Meter Siz £5.22 







8509-01 £2.36 






Relay Driver | 8402-04 


_— MARCH ‘84 — 
Latched Output Port M./.7. Part 9 8403-01 
Buffered Input Port V./.7. Part 9 8403-02 
VIC-20 Extension Port Con. M./.T. Part 9 8403-03 
CBM 64 Extension Port Con. M./.T. Part 9 8403-04 
Digital Multimeter Add-On for BBC Micro 8403-05 





Mains Delay 503 £2.13 
Musical Doorbell — JAN ‘86 — 507 £2.91 
| Tachometer—Transducers 513 £2.52 


Touch Controller 510 
Function Generator — FEB ‘86 — 514 
Function Generator PSU Board 515 
pH Transducer : 516 


— APRIL ‘84 — 

Multipurpose Interface for Computers 8404-01 
Data Acquisition ‘‘Input’’ /./.7. Part 70 8404-02 
Data Acquisition ‘‘Output’’ V./.7. Part 70 8404-03 
Data Acquisition ‘‘PSU"’ M./.7. Part 70 8404-04 
A.F. Sweep Generator 8404-06 *Complete set of boards. 

Quasi Stereo Adaptor 8404-07 M.1/.T.—Microcomputer Interfacing Techniques, 12-Part Series. 
tFour separate circuits. 
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PROJECT TITLE | Order Code r EE PRINTED CIRCUIT BOARD SERVICE 

ee y ones bs Fuse Finder . oe oer dl w Please send me the following p.c.b.s. H 
idi Interface _ OR ” : : - 
Stereo Hi Fi Preamp MAR ‘86 519 £5 70 H a Make cheques/PO payable to: Everyday Electronics F 
Interval Timer 520 £2.30 uu (Payment in £ sterling only) E 
wal ‘ P 
ao Order Code Quantity Price 
bee Hever ee BA cette nae dio Ree : 
PA Amplifier 511 £2.67 z 
Mini Strobe —- MAY "86 — 522 £2.24 fun TTT TTTt seen eteresenens —— neaesesccscceescesss — neseceseeeceeceaesuans E 
Auto Firing Joystick Adaptor 523 £2.73 Rcd fais sos Rhaes yAcpnttiininsinetieiachics. connlacudbiespycietiads 
Watchdog 524 £2.81 E % lL encioes chequerPO for £ ison kic hil ecaitntnwtensd E 
Percussion Synthesiser — JUNE ‘86 — 525 £5.65 i ¥ E 
Personal Radio 526 £2.07 oO Name owas Gallen CibSnbieas categleaenceemesssepee nny el anseabon nonheme aeeenmae 
Tilt Alarm 527 E ° PUN erin ce eh la oe aise iniaesadecduaaneeeaet E 
Electronic Scarecrow — JULY ‘86 — ooo 4 ca 
VOX Box Amplifier  —YULY'BE— | gag | 62.35 | reece Ne atch a sornee trae cities 
Headphone Mixer 530 L Make cheques/PO payable to: Everyday Electronics 
Ce eee ee ee 


Solar Heating Controller — AUG ‘86 — €3.32 


Car Timer — Sept ‘86 — 
Freezer Failure Alarm 

Infra Red Beam Alarm (Trans) 

Infra Red Beam Alarm (Rec) 

Scratch Blanker 


10W Audio Amp (Power Amp) 
(Pre-Amp) £4.78 Pair 
Light Rider—Lapel Badge 
—Disco Lights 
—Chaser Light — OCT ‘86 — 


Sound to Light Unit | EM/8504/1 
Car Audio Booster = — APRIL’85— | EM/8504/2 
Short Wave Converter EM/8504/3 


Car Burglar Alarm — MAY ‘85 — | EM/8505/3 £2.88 | 


Metal Detector EM/8506/ 1 £4.24 
Power Supply Module — JUNE ‘85 — | EM/8506/3 £3.20 
Flanger . EM/8506/4 £4.29 





El Tom/El Tom+ EM/8507/1 


Prices for ELECTROWICS MONTHLY PCBs are shown below. El Cymb . — JULY "85 — | EM/8507/2 
Heartbeat Monitor EM/8507/3 


PROJECT TITLE Order Code Real Time Clock EM/8507/4 


Intelligent Windscreen Wiper EM/8508/1/2 
a a . — DEC ‘84 — eMe412/4 Sr (incl. Terminal Board) 
: g HiFi Intercom (2 boards) EM/8508/3 


_ ‘oR Plug Power Supply — AUG ‘85 — | EM/8508/4 
Speak Board JAN ‘85 EM/8501/2 ts.or Hot Weter Alarm EM/8508/5 


Headphone Amp EM/8502/1 ; 
Intelligent Nicad Charger EM/8502/2 Sinewave Generator — SEPT ‘85— | EM/8509/1 


: Household Battery Checker EM/8509/2 
Anti Phaser — FEB ‘85 — | EM/8502/3 ig 
Logical Lock EM/8502/4 Audio Signal Generator EM/8509/3 


Touch Dimmer EM/8502/5 Compressor Pedal EM/85 10/1 


. Computer Cont Filter — OCT ‘85 — | EM/8510/2 
Courtesy Light Extender ‘oe _. | EM/8503/4 £3.29 
Disco Light Chaser — MAR ‘85 EM/8503/5 £8.11 Spectrum MIDI Interface EM/8510/3 


“If last month’s issue of EVERYDAY — cmstsousrecten'sownynot axe outa years, 


subscription and make sure of every issue, 


ELECTRO N IC S and ELECTRO n IC S straight from the Publisher? Complete the order 
form below and post to: EVERYDAY 
; ¢ ELECTRONICS and ELECTRONICS MONTHLY, 
M 0 NTH LY hadn t sold out : d have Subscription Dept., 6 Church Street, Wimbome, 
: ; Dorset BH21 1JH. 
got the thing Tel. 0202 881749. 


| Annual subscription rates: 
off the UK £13. Overseas £15 (£ sterling only) 


ground by / ' 
iti 2 EVERYDAY ELECTRONICS and ELECTRONICS 
: MONTHLY SUBSCRIPTION ORDER FORM 


| Annual subscription rates: 
| UK £13. Overseas £15 (surface mail) £30 (air mail) 


| To: Everyday Electronics and Electronics Monthly, 
| Seow 4s Dept., 6 Church Street, Wimborne, Dorset 
BH21 1JH. 





t 


wt 


JK 


| enclose payment of £ (cheque/PO in £ sterling 
| only payable to Everyday Electronics) | 


| Subscriptions can only start with the next 
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Another Complete 
Fantasy Adventure Game 


PROTEUS 


Another 


FREE 
poster 





PERILS 
O BRAVE 
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At your 
newsagents 
now, only 80p 








EVERYDAY 


ELECTRONICS 
afd IIE TROUNICS MONTHLY 


Reach effectively and economically today’s enthusiasts anxious to know of your 
products and services through our semi-display and classified pages. The prepaid rate 
for semi-display spaces is £8-00 per single column centimetre (minimum 2-5cm). The prepaid 
rate for classified advertisements is 30 pence per word (minimum 12 words), box number 
60p extra. VAT must be added. All cheques, postal orders, etc., to be made payable to 
Everyday Electronics. Treasury notes should always be sent registered post. Advertise- 
ments, together with remittance, should be sent to the Classified Advertisement Dept., 
Everyday Electronics, 6 Church Street, Wimborne, Dorset BH21 1JH. Tel.: O202 881749. 





















THE SCIENTIFIC WIRE COMPANY 









811 Forest Rozd, London E17. Telephone 01-531 1568 . 
Components eiiAiaal Be COnNER GE Miscellaneous 
ree 363 2.09 0 O88 ls/ 
to 1.1 SOLE SUPPLIERS TV/Video repair manuals 
RESISTORS, CAPACITORS, PRESETS, NUTS eds re mie Lect ee circuits. 1000s s/manuals nes by return. 
& BOLTS, SELF TAPPING SCREWS, SOLDER 44 fo 47 867 580 349 ed S/sheets £2.50 except CTV/M. centres/stereos 
TAGS, STAND OFFS, CABLE TIES. All avail- 48 15.96 9.58 6.38 3.69 £3.50 LSAE with every order/query please brings 
able in money saving packs. All values or sizes ge Ee eee free pricelist/magazines inc s/sheet - or phone 
individually packed for ease of use, no sorting or AS 10 8 9.09 5.20 2.93 1.97 P S . 
individually. p , ‘ TINNED COPPER WIRE 0698 884585 (883334 out of business hours) 
grading necessary. All components guarantee 14030 3.97, 2.41 139° 0.94 TIS(EE) 76 Church Street, Larkhall, Lanarkshire. 
brand new, full specification. Always have the Fluxcore 
Solder 5.90 3.25 1.82 0.94 











components you want at hand, send for my free 
lists today. I.G.S. COMPONENTS, Dept EE, 18 
Queensway, Shelley, Ongar, Essex CM5 OBN. 


Prices include P&P VAT. Orders under £2 add 20p. 
SAE for list of copper and resistance wire. 
Dealer enquiriés welcome. 





COMPLETE SET Hobby Electronics Nov. 78 to 
Oct. 84 less Nov 81 and June 82 issues. Offers? 
Part or whole. PO Box EE10/86. 






ELECTRONIC COMPONENTS for sale at ~ TURN YOUR SURPLUS SPECIALIST SOLDERING TIPS for PCB’s. 
cheap prices. Send list for s.a.e. to P. Gadsby, 8 . ‘_ |. Unique Registered Design for perfect joints every 
Yarrow Court, Wellingborough NN8 30X. I via ce eee time. Five times the heat transfer efficiency of | 
SS RE ae 2a ee ne ce?) cco opportunity to quote for complete fac- conventional tips. Ideal for breadboarders—pre- 
tory clearance. vents solder bridges. Two useful sizes for only £5 

LEARN Contact COLES-HARDING & CO post inclusive, VAT free. Tooling up for Antex 
ELECTRONICS WITHOUT 103 South Brink, Wisbech, Cambs. g model C users this month only. Order today to 
*ESTABLISHED OVER 10 YEARS* avoid disappointment. Money back guarantee if 

Tel: 0945 584188 returned within 14 days. Tips to suit other irons 


will follow shortly. TINKER, 123 Spinney Cres- 
cent, Toton, Beeston, Notts. NG9 6GE. 


Build electronic 
circuits without solder 
on a Roden S-Dec. 
This has built-in 





contacts and holes into 

which you plug your components: 

Suitable for all ages. Can be used 

time after time. Ideal gift for 

students or experiments. 

Full instructions and 2 circuit 

diagrams with each S-Dec. al \ 

Send.Cheque or P.O. to:- AS 

My: 25 > 

ees £H BQ. 2 

a 


Northants, NN11 4QE. including p & p 


FSR ELECTRONIC | ane: 
COMPONENTS | Radiation Detectors 


’ ——— : a amr eS NR ORES ERT SE RE RE SE AER BA ERE A TC 
Say pail talc ipo GEIGER COUNTER: Inexpensive, general pur- 
Elacireiits Ges pose, audio/visual, portable nuclear radiation 
ete detector. Ready-built £89.32 (VAT, P&P inclu- 
/ 60, ~ P&P . : 

sail sehen tem digg ded). Others, see main advert. Becker-EEG, 8 
Finucane Drive, Orpington, Kent BRS 4ED. Tel: 

0689 37821. 








@ ORDER FORM PLEASE write IN BLOCK CAPITALS Ez 
Please insert the advertisement below in the next available issue of Everyday Electronics for ............ Insertions. | enclose Cheque/P.0. for a 
Ds, skusahin isusosdbassidswsxsdamsiaboiani a a ne eae (Cheques and Postal Orders should be made payable to Everyday Electronics) £ 
a # 
2 & 
a & 
| E 
z a 
2 a 
a HEADING REQUIRED: EVERYDAY ELECTRONICS g 
an 
a d ELECTRONICS MONTHLY Es 
2 I ics es eee regal Dept., g 
B ADDRESS ......... 2 ae ed ohana Wimborne, re 
Ps . Dorset BH21 1JH. 8 
PP er rr jaccececcceeseeseporpoenossatesoescasstaseeseesscasesesasoseeesacsenewesacouosesess elep one 74 ; 
{ Teleph 0202 881749 
_ SE edd Scene Ms OR ae os as RATE: 30p per wor, minimum 12 words, Box No. 6Op extra, VAT must be added, LJ 
g 10/86 s 
(Bhs oo ea mee og es res OR OR eB RE Ree A a 


Everyday Electronics, October 1986 | 559 


























GEIGER COUNTERS FOOT PEDALS bc oad eet ae 

; : it 264 with heavy d inkafex Chorus ‘ 
D i Y 44 [ T S E a V I C E box 0 eaiohed Se rere ee Linkafex Delay SET 206 «£36.39 £42.09 
with normal black steel box £59.50 without box £55.00 — Linkafex Equaliser SET 216 £19.73 £25.43 










i iger, audio on —Ijnit 265 with steel box£49.50 Linkafex Flanger SET 207 £29.22 £34.92 
air aerial all Unboxed £47.00  Linkafex Fuzz SET 209. £17.54 £23.24 
EFFECTS Unboxed Boxed Pocket yd Counter £39.50 Linkafex Modulo SET 211 £19.71 £25.41 
Blow Box SET 214 £24.83 £29.33 Ready built Geiger Counter also available COMPUTER PROJECTS Unboxed _ Boxed 
Chorus Flanger (PE*) SET 235 £54.49 £59.99 ‘Scope Simulator (PE*) SET 247 £39.00 £44.50 
Cybervox (EE*) - SET 228 £39.26 £44.76 CONTROLLERS Unboxed Boxed _Dig Delay & Mcs (PE*) SET 234 £162.00 £198.50 
Echo-Reverb (PE*) SET 218 £52.16 £57.66 Bass Boost SET 138B £9.12 £13.62 Mini Sampler (PE*) . SET 246 £69.50 £75.00 
Frequency Doubler SET 98 £10.80 £15.30 Disco Light Control SET 245F £57.00 £62.50 Synth To Computer : SET 184 £21.65 £26.15 
Fuzz (Smooth) SET 209F £15.08 £19.58 Envelope Shaper SET 174 «£20.70 £25.29 Ship Tester 24-pin (PE*) SET 258F £35.80 £39.30 
Guitar Overdrive | SET 56 £23.54 £29.04 Graphic Equaliser SET 217 £20.83 £25.33 Mini Music Tuner (EE*) SET 259 £19.00 £22.50 
Hand Clapper SET 197 £22.19 £26.69 Guitar To Synth SET 173 £35.91 £41.41 = Kit as Published ; 
Multi-Processor SET 189 £53.53 £61.33 ji, adphone Amp Mono SET 156M £13.57 £18.07 Boxes — Linkafex Robust Diecast, SET 234 19 inch steel rack, others Black = 
Phaser (PE*) SET 226 £36.86 £42.36 Headphone Amp Stereo Ser ibeS~ . O91b CUMS Eo ee Gad Gee ub fe er hE Oe AEAE 
acid ected a SET 232 £22.85 £27.35 tum Cut SET 141 £12.31 £16.81 (Overseas Catalogue send £1.00 or 5 IRCS). Mail order, CWO, CHO, PO, Access, 
Reverb — Stereo SET 203 £32.04 £36.54 — Microphone Pre-amp SET 144 £10.43 £14.93 Visa. Details correct at press, EAE. Ao 
Rhythm Generator SET 240 £54.49 £59.99 Mixer 4ch Mono (PE*) SET 229M £44.45 £49.95 Add 15% VAT. Add P&P — unboxed kits £1.00 each, SET 234 £3.50. Other boxed 
* Ring Modulator (PE*) SET 231 £40.08 £45.58 Mixer 4ch Mono Simpl SET 256 £15.49 £19.99 kits £1.50 each. Insurance 50p per £50. Overseas P&P in catalogue. 
Thunder & L’tning (PE*) SET 250T £26.00 £29.50 — Mixer 4ch Stereo (PE*) SET 2298S £82.15 £89.95 IOUG 
LT tha ag SET 190 £14.87 £18.37 Mock Stereo set 213 «£19.87 £24.37 PHONOSONICS, DEPT. EE69, Sees) 
Le . . H * = 
Wah (Auto & Manual) SET 140 £18.86 £24.36 ting (PE*) = et aa set 8 FINUCANE DRIVE, ORPINGTON, KENT BR5 4ED. 2 5 
Wind & Rain Storm (PE*) SET 250W £26.00 £29.50 Tove Control SET 139 £15.51 £2101 Tel: ORPINGTON 37821 (STD 0689, LONDON 66) \ <a .% 












£1 BARGAIN PACKS 


PK 1. 350 Assorted resistors. Full length leads. PK 20. 2 Pairs D.C. plugs & sockets c/w leads & PP3 clip. 
PK 2. 400 Assorted resistors. Pre-formed leads. PK 21. 25 Assorted transistors. All new & coded. 

PK 3. 60 Assorted resistors. Wire wound. PK 22. 15 Assorted |.C’s. All new & coded. 

PK 4. 200 Assorted capacitors. PK 23..50 Assorted unmarked & untested |.C’s. 

PK 5. 200 Ceramic capacitors. PK 24. 200 Assorted diodes. 

PK 6. Electrolytic capacitors. PK 25. 20 €.H.T. diodes. 

PK 7. 2200pf 100 volt capacitors. PK 26. 3 Large power-fin heatsinks. TO3. 

PK 8. 4700pf 30 volt capacitors. PK 27. 1 4 section 7 segment |.e.d. clock display. 








MAKE YOUR INTERESTS PAY! 


More than 8 million students throughout the world have found it worth their while! An 
ICS home-study course can help you get a better job, make more money and have more 
fun out of life! ICS has over 90 years experience in home-study courses and is the largest 
correspondence school in the worid. You learn at your own pace, when and where you 
want under the guidance of expert ‘personal’ tutors. Find out how we can help YOU. 
Post or phone today for your FREE INFORMATION PACK on the course of your choice. 
(Tick one box only!) 





Electronics [ | Radio, Audio 


f ae PK 9. Assorted rotary potentiometers. Single. PK 28. 20 Assorted neons. Panel mounting & wire ended. 
and TV Servicing PK 10. Assorted rotary potentiometers. Dual. PK 29. 1 Microphone c/w lead, switch, plugs & stand. 
; : : . PK 11. Assorted slider potentiometers. PK 30. 3 Microphone inserts. 
: Sperling & Guilds) ‘a — ene ro eaag PK 12. Assorted pre-set potentiometers. PK 31. 3 Dynamic earpieces c/w lead & 3.5mm plug. 
gineering (City & Guilds xam (City & Guilds PK 13. 5 100K {in muttiturn potentiometers. PK 32. 2 Telescopic aerials. 
PK 14. 1 meg lin multiturn potentiometers. PK 33. 1 Stereo cassette tape head. 
PK 15. 12 Assorted switches. PK 34. 2. Small cassette motors. 
Electrical Contracting/ Computer PK 16. bank 4-way push button switches c/w knobs. PK 35. 1 Large cassette motor. 
installation Programmin PK 17. 1 4 pole 5-way wafer switch. PK 36. 1 Wire pack. Mains cable. 
| S 0 ogfea 9g PK 18. 15 Assorted control knobs. PK 37. 1 Wire pack. Screened signal cable. , 
GCE over 40 ‘0’ and ‘A’ level subjects PK 19. 20 Assorted plugs and sockets. PK 38. 1 Wire pack. Connecting wire. Assorted 
H Postal order or cheque with order. Please add £1 postage & packing per order. Shop open 
a | - er ee ee REN VOM ERCE Ar Oh Semen Meee aech. = aetna eee eee A 9.30-6.00 Mon to Sat. Closed all day Thursday. 


Address 0 CO 
International Correspondence Schools. Dept ECSA6, 312/314 High St., 
Sutton, Surrey SM1 1PR. Tel: 01-643 9568 or 041-221 2926 (24 hrs). 


ewe eee eee ee ee ee eee ee 


RACK MOUNTING CABINET 





MJR WHOLESALE, 238 Waterside, 
Chesham, Bucks HP5 1PG. Tel: 0494 771033 


CRICKLEWOOD ELECTRONICS 


% Suitable for instruments, high quality amplifiers and many other purposes CROTECH INSTRUMENTS 


Top, side and rear covers removable for access ¥& Black anodised aluminium 


front panel %& Separate front mounting plate % heavy gauge front panel is of 
brushed aluminium finish enchanced with two professional handles % With 
ventilation slits and plastic feet yx Rear box manufactured from steel painted in 
black %& Aluminium version available (wholly made of black anodised aluminium 
sheets) ¥& Different sizes % Comes in quick assembly flat package 


Panel Size Rear Box Price £ 

W H (inch) WHD ME AL 
19x2.5 17x2.0x10 22.5 27.5 
19x3.5 17x3.0x10 24.5 29.5 
19x5.25 17x5.0x10 26.5 — 


19x3.5 17x3.0x12 25.5 30.5 
19x5.25 17x5.0x12 27.5 32.5 
19x5.75 17x§.5x12 28.5  So.0 
“17%2.0 15.5x2x9 - 16.5 20.5 
*17x3.5 15.5x3x9 17.0 — 
*19x3.0 17x2.5x10 — 20.5 
*19x4.0 17x3.5x10 16.5 19.5 
*19x4.0 1%x3.5x 12 19.5 420 

* Discontinued sizes, special price valid while stocks last. Please add 

£3.00 P&P for the first item and £1.50 for each additional item. 

Quantity discount available. To order send cheque/postal order, please 


allow up to 7 days despatch for cheque clearance. Customer who 
requires further information, please send S.A.E. Mail order only. 


T.J.A. DEVELOPMENTS 
DY -\e) aan al oo Toi ml-]adlalehcelamatey-lep 
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OVP POWER AMPLIFIER 
OMP POWER AMPLIFIER Mi e DULES Now enjoy a 


world-wide reputation for quality, reliability and performance at a realistic price. Four models 
available to suit the needs of the professional and hobby market. |.e., Industry, Leisure, 
Instrumental and Hi-Fi. etc. When comparing prices, NOTE all models include Toroidal 
power supply, Integral heat sink, Glass fibre P.C.B.. and Drive circuits to power compatible 
Vu meter Open and short circuit proof. Supplied ready built and tested. 


OMP100 Mk II Bi-Polar Output power 110 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 15Hz - 30KHz —3dB, T.H.D. 0.01%, 
S.N.R. —118dB, Sens. for Max. output 
50OmV at10K, Size 355 k 115 K 65mm. 


PRICE £33.99 + £3.00 P&P. 
£2 NORE CRAP. 


OMP/MF100 Mos-Fet Output power 110 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz —3dB, Damping Factor 
80, Slew Rate 45V/uS, T.H.D: Typical 
0.002%, Input Sensitivity 5}00mV, S.N.R. 
—125dB. Size 300 X 123 XK 60mm. PRICE 
PRICE £39.99 + £3.00 P&P. 


REY IL OE ER AIT OE SE IEEE ES GIR TENE RET:: 
OMP/MF200 Mos-Fet Output power 200 
watts RMS. into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz —3dB, Damping Factor 
250, Slew Rate 50V/uS, T.H.D. Typical 
0.001%, Input Sensitivity 500mV, S.N.R. 
—130dB. Size 300 X 150 XK 100mm. PRICE 
PRICE £62.99 + £3.50 P&P. 

LAN SE RS MEEPS SS SEERA RE OEP EEL 
OMP/MF300 Mos-Fet Output power 300 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz —3dB, Damping Factor 
350, Slew Rate 60V/uS, T.H.D. Typical 
0.0008%, Input Sensitivity 500mV, S.N_R. 
—130dB, Size 330 X 147 XK 102mm. PRICE 
PRICE £79.99 + £4.50 P&P. 


NOTE: Mos-Fets are supplied as standard (1 OOKHz bandwidth & Input Sensitivity 500mV). If required, 


PA. version (5OKHz bandwidth & Input Sensitivity 775m¥V). Order — Standard or P.A. 


Vu METER Compatible with our four amplifiers detailed above. A 
very accurate visual display employing 11 L.E.D. diodes (7 green, 4 
red) plus an additional on/off indicator. Sophisticated logic control 
circuits for very fast rise and decay times. Tough moulded plastic 
case, with tinted acrylic front. Size 84 x 27 x 45mm 


PRICE £8.50 + 50p P&P. 


LOUDSPEAKERS 5” to 15” up to 400 WATTS R.MS. 
Cabinet Fixing in stock. Huge selection of McKenzie 
Loudspeakers available including Cabinet Plans. Large 
S.A.E. (28p) for free details. 


POWER RANGE 

8” 50 WATT R.M:S. Hi-Fi/ Disco. 
20 oz. magnet. 11,” 
6KHz. Sens. 92dB PRICE£10 99Available with black grille £11.99 P&P £1.50 ea 

12” 100 WATT R.M.S_ Hi-Fi/Disco 

50 oz. magnet. 2” ally voice coil Ground ally fixing escutcheon. Die-cast chassis. White cone. Res 
Freq 

25Hz. Freq. Resp to 4KHz Sens 95dB. PRICE £28 60+ £3.00 P&P ea. 


McKENZIE 

12” 85 WATT R.M.S. C1285GP Lead Guitar/Keyboard/Disco. 

2” ally voice coil. Ally centre dome. Res. Freq. 45Hz. Freq. Resp. to 6-5KHz. Sens. 98cB. 
PRICE £29.99 + £3.00 P&P ea. 

12” 85 WATT R.M.S. C1285TC P.A./Disco 2” ally voice coil. Twin cone. 

Res. Freq. 45Hz. Freq. Resp. to 14KHz. PRICE £31.49 + £3.00 P&P ea. 

15” 150 WATT R.M.S. C15 Bass Guitar/Disco. 


10” 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A. 
2” voice coil. Res. Freq. 75Hz. Freq. Resp. to 7-5KHz. Sens. 99dB. PRICE £19.99 + £2.00 P&P. 
10” 200 WATT R.M.S. C1 0200GP Guitar/Keyboard/Disco. 
2” voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB. PRICE £44.76 + £3.00 P&P. 
15” 200 WATT R.M.S. C15200 High Power Bass. 
Res. Freq. 40Hz. Freq. Resp. to 5KHz. Sens. 101dB. PRICE £62.41 + £4.00 P&P. 
15” 400 WATT R.M.S. C15400 High Power Bass. 
Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB. PRICE £89.52 + £4.00 P&P. 
2 Ratan Se eS OE BS SDA et ST a TL PCRS Be EE SE IE TIT I ET ID I IEEE LEE AIOE SEE 
WEM 
5” 70 WATT R.M.S. Multiple Array Disco etc. 
1” voice coil. Res. Freq. 52Hz. Freq. Resp. to 5KHz. Sens. 89dB. PRICE £22.00 + £1.50 P&P. ea. 
8” 150 WATT R.M.S. Multiple Array Disco etc. 
1” voice coil. Res. Freq. 48Hz. Freq. Resp. to 5KHz. Sens. 92dB. PRICE £32.00 + £1.50 P&P ea. 
10” 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
13” voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £36.00 + £2.00 P&P ea. 
1 by 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
13” voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 94dB. PRICE £47.00 + £3.00 P&P ea. 
REE ARR ARR EAE Ue nace SS MRR De APES SS RSS PAY AA BRR TA ET I ES TE TS IT ATE ETE BVO 


SOUNDLAB (Full Range Twin Cone) 

5” 60 WATT R.M.S. Hi-Fi/ Multiple Array Disco etc. 

1” voice coil. Res Freq. 63Hz. Freq. Resp. to 20KHz. Sens. 86dB. PRICE £9.99 + £1.00 P&P ea. 
6," 60 WATT R.M:S. Hi-Fi/Multiple Array Disco etc. 

1” voice coil Res. Freq. 56Hz. Freq. Resp. to 20KHz. Sens. 89dB. PRICE £10.99+ £1.50 P&P ea. 
8” 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 

1%," voice coil. Res. Freq. 38Hz. Freq. Resp to 20KHz. Sens. 89dB. PRICE £12.99 + £1.50 P&P ea 
10” 60 WATT R.M‘S. Hi-Fi/ Disco etc. 

11," voice coil Res Freq. 35Hz. Freq. Resp. to15KHz. Sens. 89dB PRICE £16 49+ £2 OOP&P 


MODULES 


ally voice coil. Ground ally fixing escutcheon. Res. Freq. 40Hz. Freq. Resp. to 


3” a voice coil. Die-cast chassis. Res. Freq. 40Hz. Freq. Resp. to 4KHz. PRICE £57.87 + £4.00 P&P ea. 


* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY 
SERVICE * LARGE S.A.E. 28p STAMP FOR 


RRENT L 


IDEAL for Work- 
shops, Factories, 
Offices, Home, 
etc. Supplied 
ready built. 


BURGLAR ALARM 


Better to be ‘Alarmed’ then terrified. 

Thandar’s famous ‘Minder’ Burglar Alarm System. 
Superior microwave principle. Supplied as three units, 
complete with interconnection cable. FULLY 
GUARANTEED. 

Control Unit — Houses microwave radar unit, range 
up to 15 metres adjustable by sensitivity control. 
Three position, key operated facia switch — off —test' #* 
— armed. 30 second exit and entry delay. 

Indoor alarm — Electronic swept freq. siren. 
104dB output. 

Outdoor Alarm — Electronic swept freq. siren. 98dB 
output. Housed in a tamper-proof heavy duty metal 

case. 

Both the control unit and outdoor alarm contain re- 
chargeable batteries which provide full protection 
during mains failure. Power requirement 200/260 Volt 

AC 50/60Hz. Expandable with door sensors, panic 
buttons etc. Complete with instructions 


SAVE £138.00 Usual Price £228.85 


BKE’s PRICE £89.99 + £4.00 P&P 


? Why buy a collection of self-assembly boards! 


OMP LINNET LOUDSPEAKERS 


The very best in quality and value. Mdde specially to suit todays 
need for compactness with high sound output levels. Finished in 
hard wearing black vynide with protective corners, grille and carry 
handle. AH models 8 ohms. Full range 45Hz - 2OKHz. Size 20” 
15” x 12”. Watts R.M.S. per cabinet. Sensitivity 1W. 1mtr dB 


OMP 12-100 Watts 100dB. Price £149.99 

per pair. 

OMP 12-200 Watts 102dB. Price £199.99 

per pair. Delivery: Securicor £8.00 per pair 


1 K-WATT 
SLIDE DIMMER 


* Control loads up 
to 1Kw 
‘* Compact Size 
ay" K 1" ® 2Y," 
* Easy snap in fix- 
ing through panel/ 
cabinet cut out 
* Insulated plastic 
. ” case 
Professional 19” cased Mos-Fet stereo * Full wave con- 
amps. Used the World over in clubs, pubs, trol using 8 amp 
discos etc. With twin Vu meters, twin triac 

. : * Conforms to 
toroidal power supplies, XLR connections. 


BS800 
MF6O0 Fan cooled. Three models (Ratings * Suitable for both resist- 
R.M-S._ into 4ohms). Input Sensitivity 775mV 


ance and inductive loads. In- 
MF200 (100 + 100)W. £169.00 Securicor BH incre’ apprieations tn 
MF400 (200 + 200)W. £228.85 Delivery 
MF600 (300 + 300)W. £299.99 £10.00 


disco’s, theatres etc. 
PRICE £13.99 + 75p P&P 


BSR P295 ELECTRONIC TURNTABLE 


* Electronic speed control 45 & 331; r.p.m. * Plus 
Minus variable pitch control * Belt driven * Alu- 
minium platter with strobed rim * Cue lever * Anti- 
skate (bias device) * Adjustable counter balance * 
Manual arm * Standard YY," cartrige fixings * 
Supplied complete with cut out template * D.C. 
Operation 9-14v D.C. 65mA 
Price £36.99 £3 00 P&P. 


ADC Q4 mag. cartridge tor above Price £4.99 ea. P&P 50p 


PIEZO ELECTRIC TWEETERS MOTOROLA 

Join the Piezo revolution The low dynamic mass (no voice coil) of a Piezo tweeter produces an 
improved transient response with a lower distortion level than ordinary dynamic tweeters. As a 
crossover is not required these units can be added to existing speaker systems of up to 100 watts 
(more if 2 put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER. 


TYPE ‘A’ (KSN2036A) 3” round with protective wire 
‘ mesh, ideal for bookshelf and medium sized Hi-fi 

speakers. Price £4.90 each + 40p P&P. 

TYPE ‘B’ (KSN1005A) 31,” super horn. For general 

purpose speakers, disco and P.A. systems etc. Price 

£5.99 each + 40p P&P. 

TYPE ‘C’ (KSN6016A) 2” x 5” wide dispersion 

horn. For quality Hi-fi systems and quality discos etc 

Price £6.99 each + 40p P&P. 

TYPE ‘D’ (KSN1025A) 2” x 6” wide dispersion 

horn. Upper frequency response retained extending 

down to mid range (2KHz). Suitable for high quality 

Hi-fi systems and quality discos. Price £9.99 each 

+ 40p P&P 

TYPE ‘E’ (KSN1038A) 3%," horn tweeter with 

attractive silver finish trim. Suitable for Hi-fi monitor 

systems etc Price £5.99 each + 40p P&P. 

LEVEL CONTROL Combines on a recessed mount- 

ing plate, level control and cabinet input jack socket 

85 x 85 mm Price £3.99 + 40p P&P 


STEREO DISCO MIXER 


saat HOBBY KITS. Proven designs including glass 
[e ; F : : 
DN Eh rivre printed circuit board and high quality 
components complete with instructions. 
FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive 
microphone. Range 100/300 metres. 57 x 46 x 14mm (9 volt) 
Price: £8.62 + 75p P&P. 
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controtled 
professional performance. Range up to 3 miles 35 x 84 x 12mm 
(12 volt) Price: £14.49+ 75p PRP. . 
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/ 
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation. 


STEREO DISCO MIXER with 2 * 5 bandL. & 
R. graphic equalisers and twin 10 segment 
L.E.D. Vu Meters. Many outstanding features 
5 Inputs with individual faders providing a 
useful combination of the following:— 

3 Turntables (Mag), 3 Mics, 4 Line plus Mic 
with talk over switch. Headphone Monitor 
Pan Pot. L._ & R Master Output controls. Out- 
put 775mV. Size 360 X 280 k 90mm 


Receiver output operates relay with 2amp/240 volt contacts. Ideal for SS ak Price £134.99 — £3.00 P&P \ 


ce a A 


M POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL 
ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT UNIT 5, COMET WAY, SOUTHEND-ON-SEA, 
ESSEX. SS2 6TR TEL: 0702-527572 


many applications. Receiver 90 x 70 x 22mm (9/12 volt). Price: 
£17.82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: £11.29 
P&P + 75p each. S.A.E. for complete list. 


| BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER 
/ VISA/ACCESS/C.0.D. ACCEPTED. 








Lowest possible prices? 
Top quality components? 

Fast reliable service? 
Large range? 
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+... dust the ticket. 


Pick up a copy of our new 1986 catalogue from most Ls : a MAPLIN ELECTRONIC SUPPLIES LTD. 


branches" of W.H. Smith for just £1.45. | | ZA Boyes cm | Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Or post this coupon now, to receive your copy by post for just LO; Ot—~— Telephone: Southend (0702) 554161 


£1.45 + 40p p & p. If you live outside the U.K. send £2.50 or : 7, * SHOPS 


11 International Reply Coupons. | enclose £1.85. ae @ BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292. 
@ LONDON 159-161 King Street, Hammersmith, W6. 


Telephone: 01-748 0926. 
@ MANCHESTER 8 Oxford Road, Tel: 061-236 0281. 
e@ SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831. 
@ SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex. 
Telephone: 0702-554000 
Shops closed all day Monday. 





